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ABSTRACT
Phytochemical investigations of four members of the genus Magnolia (family 
Magnoliaceae ) were performed to provide lignans and sesquiterpene lactones. The aerial 
parts of the rare Louisiana native M. pyramidata afforded eight new neolignans with a 
novel skeleton, pyramidatin A to H. Leaves of M. virginiana provided the known 
sesquiterpene lactones parthenolide and costunolide as well as the new costunolactol and 
costunolactol dimer. An annual study of the leave constituents of M. virginiana 
illustrated that native M. virginiana only produces sesquiterpene lactones but transferred 
M. virginiana, possibly a northern variety, produces only lignans. The leaves of M. 
soulangiana gave five known lignans and neolignans, galgravin, veraguensin, futoenone, 
denudatone and den tatin A. The leaves of M. acuminata gave five burchellin-type 
neolignans and one new neolignan, acuminatin B. Detailed structural elucidations of all 
known and new compounds were performed by application of spectroscopic methods.
A chemical study of roots of blue-flowered lettuce, Lactuca ftoridana (family 
Asteraceae), gave the known guaianolides 8 -acetylIactucin, 8 -desoxylactucin and 8 - 
acetyl-lipH , 13-dihydrolactucin as well as the known eudesmanolides reynosin and 
santamarine. Biosynthetic studies of the lactucin derivatives in transformed root 
cultures, popularly known as hairy roots, of L.floridana were performed by application 
of high field NMR techniques using 13C-labeled acetate and mevalonate precursors. The 
differentiated root cultures of L. floridana established by the stable integration of root- 
inducing (Ri) plasmid of the soil bacterium Agrobacterium rhizogenes into the plant 
genome provide a convenient source for the production of root-derived secondary 
metabolites at high and stable production level. Incorporation data with specifically 
labelled 1 3 C-enriched precursors confirmed the previous biogenetic proposal that 
guaianolide-type sesquiterpene lactones are formed via the acetate-mevalonate- 
germacradiene pathway. Incorporations of 1 3C-labeled precursors into the guaianolide
skeleton is highly specific and must therefore be enzymatically controlled. The 
biosynthetic investigations demonstrate that hairy root cultures provide a suitable medium 
for biosynthetic studies of sesquiterpene lactones, A biosynthetic study of root 
constituents of Helenium amarwn using the hairy root biotechnology was attempted. 





Various members of the genus Magnolia of the family Magnoliaceae have long 
been used in folk medicine. For this reason they have attracted a great deal of interest 
with respect to structural determinations of their biologically active metabolites for their 
potential use as pharmaceuticals and/or agrochemicals. Members of this genus are known 
to be rich in a wide variety of biologically active compounds including lignans, 
neolignans, terpenoids as well as alkaloids [1.1]. For many Magnolia species, lignans 
and neolignans represent the major chemical constituents. A number of reviews with 
regard to lignan structures are available [ 1.2 - 1 .6 ], the most recent dealing with these 
compounds known as of 1991 [1.3, 1.7]. Certain aspects of biological activities of 
lignans had also been previously reviewed [1.8]. However, no comprehensive review of 
lignans and neolignans from Magnoliaceae is available. Therefore, this introduction will 
give a detailed summary of the occurrence and chemical structure of the great variety of 
lignans and neolignans found in the genus Magnolia. This will include a brief discussion 
of structural definitions, their distribution, and biological activities.
1 .1  Definition, distribution and bioactivity
As shown in Figure 1.1, lignans are defined as dimers of phenylpropanoid (Cg- 
C 3 ) units linked by the central carbons [}-[}' (Cg-Cg1) (A-D) of their side chains [1.9- 
1.11]. In contrast, naturally occurring dimers that exhibit linkages other than this p-p'- 
type linkage are known as neolignans (Fig. 1.2) [1.12-1.13]. These phenylpropanoid 
dimers are formed biogenetically through the shikimatc pathway [1.14]. Norlignans are 
defined as a group of related natural compounds, usually found to co-occur with lignans 
or neolignans, which have a C j6  to C l7 core structure, and they are apparently 
biosynthesized from two Ar-C3 units but with the loss of one or two carbons, probably 
through decarboxylations. As to oligomeric lignans or hybrid lignans, the definition is 
even more complicated, which will be discussed briefly in a later paragraph. The subject 
of definition related to lignans can be found in the above cited references. In this review 
of the genus M agnolia , all lignans, neolignans and related compounds (oligomeric
3





Figure 1.2 Structural Types of Neolignans
4
lignans, hybrid lignans and norlignans) are divided into twelve subgroups (A-L) 
dependent upon common structural features. Group B represents substituted 
tetrahydrofurans including 2,5-diaryl-3,4-dimethyltetrahydrofurans and 2,4-diaryl-3,5- 
dimethyltetrahydrofurans. Hybrid neolignan group I consists of sesquiterpene- 
neolignans and monoterpene-neolignans, and Group J  includes di- and tri-lignans. The 
skeletal types of these twelve groups are presented in Figure 1.1 and 1.2.
A general review article on the distribution of lignans and neolignans in the plant 
kingdom is available [1.15]. With regard to the occurrence of lignans and neolignans in 
the genus Magnolia, the data are summarized in Table 1.1, which lists compounds from 
19 Magnolia species. Magnolia lignans have been isolated from almost all parts of the 
plant: tree bark [1.16-1.17], leaves and stems [1.18-1.20], root bark [1.21], flower buds 
[1.22], and seeds [1.23]. A wide spectrum of biological activities of lignans and 
neolignans have been reported. This includes anti-tumor, anti-viral, anti-microbial, anti­
inflammatory, anti-allergy, anti-leukaemia, and cytotoxic properties plus the ability to 
inhibit certain enzymes, as well as toxicity to fungi and insects and miscellaneous 
physiological effects [1.5, 1.8]. They may also play a significantly ecological role, 
mediating in plant-fungi, plant-plant, and plant-insect relations [1.8]. Also, at the 
molecular level, they interrupt the synthesis of DNA and the transport of nucleotides and 
inhibit key enzymes [1.8, 1.24].
1 .2  L ignans, neolignans and  the ir biological activity
1.2.1 Piarvl-di methvlcvcl obutane
Flower buds of Magnolia salicifolia Maxim, have been used in traditional Kampo 
and Chinese medicines, especially for nasal allergy and nasal empyema. Chloroform 
extracts of this medicinal drug exhibited a remarkable antiallergy activity in passive 
cutaneous anaphylaxis (PCA) test [1.25-1.26]. Along with two other neolignans, 
magnosalin (1) (Figure 1.3) was isolated in the course of the search for biologically
5
TABLE 1.1 Distribution of Lignans and Neolignans in the Genus Magnolia
S tr  No Name of Compound P lan t Source R eferences
Diarvl-dimethvlcvclobutane fStr. Tvpe A)
1 Magnosalin Magnolia salicifolia Maxim. [1.25-1.26]
Substituted Tetrahvdrofurans fStr. Tvpe B1
2 Galgravin Magnolia acuminata L. [ 1 -2 1 ]
3 Calopiptin Magnolia acuminata L. [ 1 -2 1 ]
4 Galbacin Magnolia kachirachirai Dandy [1.45]
5 Veraguensin Magnolia liliflora Desr. [ 1 .2 0 ]
(=M. quinquepeta)
Magnolia denudata Desr, [ 1 -2 1 ]
Magnolia saulangiana [1-39]
Magnolia acuminata L. [1-44]
6 (-)-Fargesol Magnolia fargesii [1.27]
7 Magnosalicin Magnolia salicifolia Maxim. [ 1 .2 2 , 1.26]
8 Magnostellin A Magnolia stellata Maxim. [1-28]
9 Magnostellin B Magnolia stellata Maxim. [1.28]
1 0 Magnolenin C Magnolia grandiflora L, [1.62]
2 .6 -bisarvl-■3.7-dioxabicvck>r3.3.01octane fStr. Tvpe C)
1 1 Aschantin Magnolia biondii Pump. [1.30]
1 2 Demethoxyaschantin Magnolia biondii Pump. [1.28]
Magnolia stellata [1.30]
13 (+)-Phillygenin Magnolia fargesii [1.19]
Magnolia kobus [1.63]
14 (+)-Fargesin Magnolia fargesii [1.30]
Magnolia biondii Pump. [1.32]
Magnolia pterocarpa [1.63]
15 (+)-Epimagnolin Magnolia fargesii [1.31]
16 Magnolin Magnolia fargesii [1.16]
Magnolia officinalis Rehd. et [1.30]
Wils.
Magnolia biondii Pump. [1.63]
17 (+)-De-0*methyl Magnolia fargesii [1.63]
magnolin
18 (+)-Pinoresinol Magnolia fargesii [1.63]
19 (-)-Eudesmin Magnolia fargesii [1.16]
{= Pinoresinol dimethyl Magnolia saulangiana [1.19]
ether) Magnolia officinalis Rehd. et [1.30]
Wils.
Magnolia biondii Pump. [L32]
Magnolia kobus [1.44]
Magnolia pterocarpa [1.63]
2 0 (+)-Epimagnolin A Magnolia fargesii [1-31]
(table con’d.)
2 1 Lirioresinol B Magnolia fargesii^ 11.16]
diemthylether Magnolia officinalis Rehd. et [1.19]
Wils.
Magnolia kobus 11.30]
Magnolia biondii Pump. [1.64]
2 2 (+)-Sesamin Magnolia kobus 11.19]
Magnolia stellata [1.28]
Magnolia pterocarpa [1.32]
2 3 Kobuain Magnolia kobus [1.19]
Magnolia stellata Maxim. [1.28]
24 Epieudesmin Magnolia kobus [1-19]
25 Syringarcsinol Magnolia officinalis Rehd. et [1-16]
Wils.
2 6 Syringarcsinol 4 -0 - Magnolia officinalis [1.16]
glucopyranoside Magnolia grandiflora [1.62]
27 (+)-Piperitol Magnolia stellata Maxim. [1.28]
Arvlnapbthalene Derivatives (Str. Tvoe Dl
2 8 Guaiacin Magnolia kachirachirai Dandy [1.45]
2 9 Magnoshinin Magnolia salicifolia Maxim. [1,25-1.26]
Spirocvclohexadienone (Str. Tvpe E)
30 Denudatone Magnolia denudata Desr. [ 1 .2 0 ]
(= Maglifloenone) Magnolia liliflora Desr, [1.39]
(=M. quinquepeta)
31 Futoenone Magnolia denudata Desr. [ 1 .2 0 ]
Magnolia liliflora Desr. [1.39]
(=M. quinquepeta)
Benzofuranoide and hvdrobenzofuranoide (Str. Tvoe F)
3 2 Burchcllin Magnolia denudata Desr. [ 1 .2 0 ]
Magnolia liliflora Desr. [1.42]
(=M. quinquepeta)
33 Denudatin A Magnolia denudata Desr. [ 1 .2 0 ]
Magnolia liliflora Desr. [1.42]
(=M. quinquepeta)
Magnolia saulangiana [1.44]
3 4 Denudatin B Magnolia denudata Desr. [ 1 .2 0 ]




3 5 Acuminatin Magnolia acuminata L. [ 1 .2 1 ]
(=Dehydrodiisoeugenol Magnolia kachirachirai Dandy [1-45]
methylelhcr)
3 6 Licarin A Magnolia kachirachirai Dandy [1-45]
(=Dehydrodiisocugenol)
37 Licarin B Magnolia kachirachirai Dandy [1-45]
38 Kachirachirol B Magnolia kachirachirai Dandy [1.45]
3 9 Kachirachirol A Magnolia kachirachirai Dandy [1-45]
(table con'd.)
4 0 Eupomatenoid -1 Magnolia kachirachirai Dandy [ 1 -45 J
2 1 Eupomatenoid -7 Magnolia kachirachirai Dandy [1.45]
4 2 LiUflol A Magnolia liliflora Desr. [1-42]
0=M. quinquepeta)
4 3 Liliflol B Magnolia liliflora Desr. [1.42]
(=M. quinquepeta)
4 4 Liliflone Magnolia liliflora Desr. [i-42]
(=M. quinquepeta)
4 5 Piperenone Magnolia liliflora Desr. [1.42]
(=Magnolia quinquepeta)
4 6 Saulangianin Magnolia saulangiana [1.44]
4 7 Fargesone A Magnolia fargesii [1.41, 1.63]
48 Fargesone B Magnolia fargesii [1.41, 1.63]
49 Fargesone C Magnolia fargesii [1.41, 1.63]
5 0 Cyclohexadienone Magnolia saulangiana [1.44]
Biphenvl lignanoide (Str. Tvpe G)
51 Magnolol Magnolia henryi Dunn [1.17]
Magnolia liliflora Desr. [1.18]
(=M. quinquepeta)
Magnolia virginiana [1-23]
Magnolia obovata Thunb. [1.47]
(=M. hypoleuca Sieb. et Zucc.)




Magnolia grandiflora L. [1.55]
Magnolia tripetala [1.56]
Magnolia watsonii Hook. fil. [1.65]
5 2 Honokiol Magnolia henryi Dunn [1.17]
Magnolia liliflora Desr. [1.18]
(=M. quinquepeta)
Magnolia virginiana [1.23]
Magnolia obovata Thunb. [1.47]
(=M. hypoleuca Sieb. et Zucc.)




Magnolia grandiflora L. [1,55]
Magnolia tripetala [1,56]
Magnolia watsonii Hook. fil. [1.65]
5 3 Honokiol Magnolia henryi Dunn [1.18]
monomethylether Magnolia virginiana [1.23]
Magnolia grandiflora L. [1.51]
Magnolia tripetala [1.55]
5 4 Dehydrodieugcnol Magnolia henryi Dunn [1.51]
5 5 Dchydrodieugenol Magnolia henryi Dunn [1.51]
monomethylether
(table con'd.)
56 Randainal Magnolia officinalis Rehd. et 
Wils.
LI.16]
5 7 Magnaldehyde B Magnolia officinalis Rehd. et 
Wils.
[1.16]
5 8 Magnaldehyde C Magnolia officinalis Rehd. et 
Wils.
[1.16]
5 9 Magnolignan A Magnolia officinalis Rehd. et 
Wils.
[1.16]
6 0 Magnolignan B Magnolia officinalis Rehd. et 
Wils.
[1.16]
61 Magnolignan C Magnolia officinalis Rehd. et 
Wils.
[1.16]
6 2 Magnolignan D Magnolia officinalis Rehd. et 
Wils.
[1.16]
6 3 Obovatol Magnolia henryi Dunn 
Magnolia obovata Thunb. 




6 4 Obovatol methylether Magnolia henryi Dunn 
Maggnolia obovata 




6 5 Isomagnolol Magnolia henryi Dunn [1.51]
6 6 Obovatal Magnolia obovata Thunb.
(=M. hypoleuca Sieb. et Zucc.)
[1.54]
1 .2J2iarylpropane ('Str. Tvpe H)
6 7 Aurein Magnolia saulangiana [1.44]
6 8 Biondinin A Magnolia biondii Pump. [ 1 . 1 2 ]





Hvbrid neolignans fStr. Tvpe I)
Magnolia officinalis Rehd. et 
Wils.
[1-16]
70 Eudesmagnolol Magnolia obovata Thunb.
(=M, hypoleuca Sieb. et Zucc.)
[1.59-1.60]
71 Clovanemagnolol Magnolia obovata Thunb.
(=M, hypoleuca Sieb. et Zucc.)
[1.60]
7 2 Caryolanemagnolol Magnolia obovata Thunb.
(=M. hypoleuca Sieb. et Zucc.)
[1.17]
7 3 Eudesobovatol A Magnolia obovata Thunb.
(=M. hypoleuca Sieb. et Zucc.)
[1.58]
7 4 Eudesobovatol B Magnolia obovata Thunb.
(=M, hypoleuca Sieb. et Zucc.)
[1.58]
7 5 Eudeshonokiol A Magnolia obovata Thunb.
(=M. hypoleuca Sieb. et Zucc.)
[1.59]
7 6 Eudcshonokiol B Magnolia obovata Thunb.
(=M. hypoleuca Sieb. et Zucc.)
[1.59]





78 Piperiiylhonokiol Magnolia officinalis Rehd. et [1.16]
Wils.
79 Bomylmagnolol Magnolia officinalis Rehd. et [1.16]
Wils.
8 0 Dipiperitylmagnol Magnolia officinalis Rehd. et [1.16]
Wils.
Olicomeric lienans and neolienans fStr. Tvne .11
81 Magnolianin Magnolia obovata Thunb. [1.61]
(=M. hypoleuca Sieb. et Zucc.)
8 2 Magnolignan F Magnoia officinalis Rehd. et Wils. [1.16]
83 Magnolignan G Magnoia officinalis Rehd. et Wils. [1.16]
84 Magnolignan H Magnoia officinalis Rehd. et Wils. [1-16]
85 Magnolignan I Magnoia officinalis Rehd. et Wils. [1.16]
Norlignans fStr. Tvpe K1
8 6 Randaiol Magnolia officinalis Rehd. et [1.16]
Wils.
87 Magnatriol B Magnolia officinalis Rehd. et [1.16]
Wils.
8 8 Magnaldehyde D Magnolia officinalis Rehd. et [1.16]
Wils.
89 Magnaldehyde E Magnolia officinalis Rehd. et [1.16]
Wils.
90 Magnolignan E Magnolia officinalis Rehd. et [1.16]
Wils.
91 Obovaaldehyde Magnolia obovata Thunb. [1-54]
(=M. hypoleuca Sieb. et Zucc.)
Miscellaneous fStr. Tvpe LI
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active principles from this plant [1.25-1.26]. However, none of the pure compounds 
were active [ 1.2 2 ].
1.2.2 Substituted Tetrahydrofurans
A number of substituted tetrahydrofurans (2)-(10) have been isolated from 
Magnolia species. Magnosalicin (7) was the third component isolated from M. salicifolia 
Maxim. [1.25-1.26]. The root bark of M. acuminata L., a tall native forest tree of the 
eastern and mainly southern United States, which was used in the treatment of malaria 
and rheumatism in the past, afforded three compounds, galgravin (2), calopiptin (3) and 
veraguensin (5) [1.21], the latter also being present in M. lilijlora, M. denudata and M. 
saulangiana. The 2,4-diaryl-dimethyltetrahydrofurans fargesol (6 ) from M. fargesii
[1.27], magnostellin A (8 ) and B (9) from M. stellata Maxim. [1.28] appear to be formed 
by the formal cleavage of a C-O bond. Such cleavages might in some cases be a mode of 
biosynthesis. Magnostellin B (9) is especially included here since its structure can be 
formally derived from a dioxabicyclooctane (C, Figure 1.1) by C-C cleavage. The 
determination of the stereochemistry for these types of compounds had applied NMR 
studies, X-ray analysis, chemical interconversions, and structural comparisons with 
compounds of known absolute configuration [1.29].
1.2.3 2.3-Diarvl-3.7-dioxabicvclol3.3.01octanes
The dioxabicyclooctane-type (Figure 1.1, C) lignans represent one of the largest 
groups of lignans isolated from Magnolia species (Table 1.1). Among seventeen 
compounds, aschantin (11), demelhoxyaschantin (12), fargesin (14), magnolin (16), 
pinoresinol dimethyl ether (19) and liroresinol-B, isolated from flower buds of M. 
biondii Pump., have demonstrated antagonistic activities against platelet activating factor 
in the [3 H]PAF receptor binding bioassay, which may have potential use in the treatment 
of inflammation, cardiovasular and pulmonary diseases [1.30]. Some of these 
compounds are also present in other Magnolia species (Table 1.1), M. stellata Maxim.
[1.28], M. fargesii [1.31], M. kobus [1.19], M. pterocarpa [1.32], M. officinalis Rehd.
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et Wils. [1.33] and M. saulangiana [1.33], Flower buds o f M. fargesii are also rich in 
the diary-dioxabicyclo[3.3.0]octane lignans, with nine lignans being present. This 
includes phillygenin (13), epimagnolin (15), de-O-methylmagnolin (17), pinoresinol 
(18), eudesmin (19) and epimagnolin A (20) [1.30, 1.34-1.35], Pinoresinol (18) was 
reported to be responsible for the piscicidal activity o f this plant [1.34], while 
syringarcsinol (25) and its 4-0-fi-D-glucopyranoside (2d) found in M. officinalis Rehd.
et Wils. exhibited remarkable cytotoxic and antileukaemic activities [1.16, 1.35]. Other 
biological activities of this group of compounds also include the germination inhibitory 
activity of fargesin (14) [1.36], enhancing toxicity of insecticides of sesamin (22) [1.37] 
and anti-hypertensive activity of pinoresinol (18) [1.38].
1,2.4_ Arvlnaphthalene Derivatives
Only two members of this class, guaiacin (28) and magnoshinin (29) have been 
isolated from Magnolia species. No special biological activity concerning these two 
compounds was reported.
1.2.5 Spirocvclohexadienone
The denudatone (30) and futoenone (31) are the only two spiro(5,5)undecanoids 
neolignans found in family Magnoliaceae [1.3-1.6], They are constituents of aerial parts 
of M. denudata and M. liliflora Desr., both being Japanese decorative plants [1.20, 
1.39]. Biogenetically, the formation of denudatone (30) can be formulated as an 
oxidative coupling of a propenylphenol or an allylphenol derivatives followed by a 
stereoselective reactions of a quinone methide intermediate (Figure 1.5) [1.40].
1.2.6 Benzofuranoids and Hvdrobenzofuranoids
Phytochemical investigations of Magnolia species have provided quite a number 
of this group of neolignans. The biogenesis of theses types of neolignans is shown in 
Figure 1.5. Fargesones A (47), B (48), and C (49), in which a resorcinol nucleus 
appears as a substituted cyclohexenone, were isolated from the flower buds of M. fargesii 
when searching for the Ca2+ -antagonizing activity on the taenia coli of the guinea pig
OMeOMe 












Figure 1.5 Biogenesis of Major Types of Lignans and Neolignans
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from the Chinese herb hsin-i [1.41]. Fargesone C (49) appears to be formed from 
fargcsone A (47) or B (48) by a two step reactions illustrated in Figure 1.6. The leaves 
of M. denudata afforded butchellin (32), denudatins A (33) and B (34) [1.20], which 
were also present in fresh leaves of M. liliflora [1.42] and extracts of other Magnolia 
species (Table 1.1). Dienones are acid-sensitive, and the rearrangement induced by an 
acidic ion-exchange resin could take two possible courses [1.43], dependent on the 
solvent used (shown in Figure 1.7). The similar pattern is also seen in liliflone (44) and 
pipcrenone (45), saulangianin (46) isolated from leaves of M. liliflora, and flower buds 
of M. saulangiana, respectively, with one of the original aryl rings being reduced [1.42, 
1.44]. M. kachirachirai Dandy yielded licarin A (36), licarin B (37), kachirachirol A 
(39) and B (38) as well as eupomatenoids-1 (40) and eupomatenoids-7 (41) [ 1.45].
1.2.7 Biphenyl lignanoids
Magnolol (51) and honokiol (52) have been isolated and identified as principles 
of the antimicrobial activity [1.46-1.49] and the central depressent effect [1.50] as well as 
inhibitory activity of skin tumor promotion [1.49] from the Chinese folk medicine Houpo 
(bark of M. officinalis Rehd. et Wils.). Several other Magnolia species including M. 
biloba [1.47], M. grandiflora [1.23], M. henryi [1.51], M. liliflora [1.52], M. obovata 
[1.53-1.54], M. rostrata [1.47], M. tripetala [1.55], M. virginiana [1.18], and M. 
watsonii [1.56]. Japanese chemists Yahara and his colleagues isolated a number of 
hybrid neolignans, oligomeric neolignans, norlignans, which will be discussed in the 
following paragraph, and biphenyl type neolignans, randainal (56), magnaldehyde B 
(57), magnaldehyde C (58), magnolignan A (59), magnolignan B (60), magnolignan C 
(61), and magnolignan D (62) [1.16].
The isolation of a different skeleton biphenyl ether, obovatol (63) and obovatal 
(6 6 ) from M. obovata Thunb. has been reported [1.54]. It was demonstrated that (63) 
has strong antibacterial activity against a cryogenic bacterium, Streptococcus mu tans, but 















Reagents: a, Dowex 50W-X2 resin, dioxan, at 50-60 °C; b, Dowex 
50W-X2 resin, benzene orCHCl3
Figure 1.7 Rearrangement reactions of dienones
22
1.2.8 1.2-Piarvlpropane
A new neolignan belonging to this class was reported, biondinin A (6 8 ) from M. 
biondii [1.57], which has a totally new ring skeleton. It seems to derive from a 
dehydrogenation of 1,2-diarypropane diol. 67 and 69 represent two different type 
skeletons of this group compounds.
1.2.9 Hybrid lignans
A significant number of natural compounds has been isolated and shown to have 
structures that are characterized by coupling between an Ar-C3  unit (as in lignan) and a 
unit such as terpenoid. Such compounds of mixed biogenetic origin, are summarized in 
this section as 'hybrid lignans'. A scries of seven sesquitcrpcne-neolignans have been 
isolated in search for neurotrophic active ingredients from the bark of M. obovata [1.17, 
1.58-1.60]. They are eudesmane-type sesquiterpenes linked to biphenyl or biphenylethcr 
type neolignans, including eudesmagnolol (70), clovanemagnolol (71) ,  
caryolanemagnolol (72), eudesobovatol A (73), eudesobovatol B (74), eudeshonokiol A 
(75), and eudeshonokiol B (76). Some of them, clovanemagnolol (71 ), 
caryolanemagnolol (72), and eudesobovatol A (73), exhibited the activities not only 
accelerating neuritic sprouting and neuronal cell network formation but also enhancing 
choline acetyl transferase activity in cultured neuronal cell derived from fetal rat 
hemisphere. Possible biosynthetic pathway of the sesquiterpene-neolignans was 
proposed by addition of neolignan as a nucleophile to tertiary cation intermediate formed 
in the course of a transannular cyclization of germacradiene-type compound which should 
lead to eudesmol-type sesquiterpene [1.59], The bark of M. officinalis afforded four 
monoterpcnyl lignans, piperitylmagnolol (77) [1.49], piperitylhonokiol (78), 
bornylmagnolol (79) and dipiperitylmagnolol (80), the first reported monoterpenoid- 
neolignans [1.16].
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1.2.10 Oligomeric lignans and neolignans
This group of natural products arises from the coupling of more than two Ar-C3 
units. Trimers (sesquilignans), tetramers (dilignans) or even pentamers have been 
already discovered, A novel trilignan, magnolianin (81), a potent 5-lipoxygenase 
inhibitor, was identified and characterized from the bark of M. obovata by extensive 2D- 
NMR studies and a scries of chemical modifications [1.61]. This trilignan is linked 
through ether bonds. The stereochemistry of C-7 and C - 8  in (81) was determined by 
2D- NOESY experiments and mass spectroscopic methods. M. obovata will 
continuously attract phytochemists because it steadily provides new neolignans with 
novel skeletons and interesting biological activities. Several dilignans from M. 
officinalis were also reported. They are magnolignans F (82), G (83), H (84) and I 
(85) [1.16]. In general, oligomeric Hgnan rarely occurs in nature.
1.2.11 Norlignans
Norlignans with a C ig or C 1 7  core unit are usually found to co-occur with 
lignans or neolignans of similar structures. A number of norlignans have been isolated, 
including randaiol (8 6 ), magnatriol B (87), magnaldehyde D (8 8 ), magnaldehyde E (89) 
and magnolignan E (90) from the bark of M. officinalis [1.16], as well as obovaaldehyde 
from the fresh leaves of M . obovata [1.54].
1.2.12 Miscellaneous
Finally, bicyclooclanoid neolignan (92) was isolated from M. liliflora.
1.3 Conclusion
The isolation of natural products from a number of Magnolia species is showing 
renewed interest because of the continued discovery of biologically active compounds of 
known or unknown structure. Recent findings in our laboratory of Magnolia constituents 
with anti-mycobacterial activity against Mycobacterium tuberculosis and M. avium, and 
an increased demand for more natural, non-classical medicinal therapies, were the 
impetus for a detailed chemical study of regional members of the genus Magnolia. In
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Chapter 2 of this dissertation, the isolation and structure elucidation of secondary 
metabolites from four species of the genus Magnolia (Magnoliaceae) will be described.
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CHAPTER 2
A PHYTOCHEM ICAL STUDY OF MEMBERS O F TH E GENUS 
M A G N O LIA  OF THE FAMILY M A G N O L IA C E A E
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2.1 Neolignans from Magnolia pyramidata 
Introduction
Eight species of the genus Magnolia are native to the United States. These evergreen 
or deciduous trees and shrubs are primarily found in the southeastern region of the 
country, with five species being native to Louisiana, where they form part of several 
types of pine hardwood communities. Members of this family are rich in a wide variety 
of biologically active compounds including sesquiterpene lactones, lignans and alkaloids 
[2.1-2.17]. In continuation of our structural and chemical investigations [2.18] of native 
members of the family M agnoliaceae, for biologically active natural products, we 
analyzed aerial parts of the pyramid magnolia (Magnolia pyramidata ) which is the rarest 
among the five native magnolias and is in danger of extinction in Louisiana due to clear- 
cutting of woods. Crude extracts provided, after vacuum liquid chromatography (VLC) 
and high performance liquid chromatography (HPLC) separation, eight new neolignans, 
which we named pyramidatin A to H (93-100) (Figure 2. LI). The structures of these 
novel neolignans were elucidated by mass spectral analysis, modem ID and 2D NMR 
techniques and single crystal X-ray diffraction.
Results and discussion
Dried aerial parts of M. pyramidata were extracted with dichloromelhane followed 
by VLC and HPLC chromatography of the crude extract, which afforded eight new 
neolignans, pyramidatin A-H (93-100) (Figure 2.1.1).
Pyramidatin A (93) gave in the mass spectrum a molecular ion at m/z 430 which 
together with the !H and 13C NMR data (Tables 2.1.1 and 2.1.2) was consistent with the 
empirical formula C2 4 H3 0 O7 . The *H NMR spectral analysis suggested that 93 was a 
biphenyl-type lignan, bearing six methoxy groups on the aromatic rings plus two 
aromatic protons singlets at 8  6.39 and 6.47. In addition, a proton singlet absorbing at 8  
4.76 (H-7) was assigned to an oxygen-bearing benzylic methine proton (Ar-CH-O, 8  
4.76, s, H-7), two gcminally coupled benzylic methylene protons, a doublet to a doublet
30
1 ^ 0
93. R j- R2 -  R3 -  R4-  R.s -  Rf, -  CH3
94. Rt = R2 = R3 = R5 = R6 = CH3, R4 = H
95. R, = R2 = R4 = R5 = R6 = CH3, R3 = H
96. R3 = R4 = CH3, R„ R2 = 0-CHr 0,
R3, R6 =0-CH2-0
R ,0
97. R (=  R 2  = R3  = R5  =  Rfi =  CII3 , R4  = II
98. Rj = R2  = R3  = R4  =  Rs = CII3 , R$ = H
99. R ]=  R2  = R4  =  CII3 , R3  = II. R5, Rfi =  0 -C H 2- 0  
100. R j = R2  = R3 = R4  = CH3, R5, R* =  0 -C H r 0
Figure 2.1.1 Neolignans isolated from Magnolia pyramidata
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at 5 2.89 7=14.0; 10.9 Hz, H-7’a) and a doublet at 2.35 (7=14.0 Hz, H-7'b) were
observed. Two further non-equivalent oxygen-bearing methylene protons appeared at 5
3.64 (dd, 7  =8.5 Hz, 7=4.2 Hz, H-9’a) and 3.26 (d, 7=8.5 Hz, H-9’b). Furthermore, a
methine proton appearing as a quartet at S 2.08, (7=7.2 Hz, H-8 ), coupled with a methyl
doublet at S 1.20, (7=7.2 Hz, H-9), was present. These spectral features, which were
corroborated by 2D ^H^H- shift correlation (COSY) were in agreement with partial 
Ar-CH-CH-CH3 
I I
structure O The connectivity of the carbon framework in 93 was
unambiguous established by combined applications of *3C-lH shift correlation and *3 C- 
*H correlation via long-range 13C-*H coupling (INAPT and COLOC) [2.19]. These 
methods allow for correlations between protons and carbons via one-, two- and three- 
bond couplings (27c(h, 3 ^c,h)- The expected COLOC results of pyramidatin A (93) are 
illustrated in Figure 2.1.2. In the COLOC spectrum of 93, H- 6  at 6  6.39 coupled with 
the quaternary carbons C -l, C-5 and C-4 and C-4 and C-5 also coupled with two 
methoxy methyls. The benzylic methine proton at 5 4.76 (H-7) showed coupling with C- 
1 and C-2, but the two latter quaternary carbons are not connected with any aromatic 
methoxy group. The quaternary carbon C-3 was coupled with an aromatic methoxy 
methyl at 6  3.51, the upfield shift being due to the shielding of the adjacent aromatic 
ring. This provided strong evidence that one of three aromatic methoxy groups at ring A 
of the biphenyl must be attached to C-3 instead of C-6 .
The complete assignments of the !H and 13C NMR spectra of pyramidatin A (93) 
were based on 2D ^ ^ H -  correlation (COSY), 13 C-!H correlation (HETCOR) and 
COLOC experiments [2.19] (data shown in Table 2.1.3). To verify the internal 
consistency of the previous assignments, the 2D !3 C -!h  correlation experiment was 
performed. The two most downficld singlets assigned to the two aromatic protons (H- 6  
and H-6 ’) are attached to the two aromatic carbons. H-7 is attached to an benzylic carbon 
bearing an oxygen atom. The protons absorbing at 3.26 / 3.64 are correlated to the same
TABLE 2.1.1 lH NMR data of pyramidatin A-H  (93-100) (200MHz, CDCI3  as int. standard) 8  ppm
H A (93) C (94) D (95) H (96) B (97) E (98) F (99)* G (100)C#)
6 6.39 s 6.43 s 6.23 s 6.36 s 6.77 s 6.40 s 6.22 s 6.40 s t (6.26)
7 4.75 s 4.76 s 4.77 s 4.71 s 4.74 s 4.75 s 4.75 s 4.75 s (4.78)
8 2.08 mt 2.09 mt 2.09 mt 2.03 mt 2.38 q 2.07 mt 2.07 mt 2.06 mt (1.87)
9 1.20 d 1.20 d 1.21 d 1.17 d 0.96 d 1.20 d 1.20 d 1.19 d (0.95)
6' 6.46 s 6.29 s 6.52 s 6.41 s 6.25 s 6.53 s 6.45 s 6.40 s t (6.37)
7’a 2.89 dd 2.90 dd 2.90 dd 2.85 dd 2.77 dd 2.86 dd 2.87 dd 2.86 dd (2.62)
7'b 2.35 d 2.33 d 2.38 d 2.48 d 2.56 d 2.29 d 2.31 d *2.28 d (2.29)
8* 2.08 mt 2.09 mt 2.09 mt 2.03 mt 2.02 td 2.07 mt 2.07 mt 2.06 mt (1.62dd)
9’a 3.64 dd 3.64 dd 3.64 dd 3.62dd 4.03 dd 3.64 dd 3.65 dd 3.64 dd
9'b 3.26 d 3.33 d 3.26 d 3.33 d 3.90 d 3.32 d 3.34 d 3.33 d
OMe 3.51 s 3.56 s 3.56 s 3.75 s 3.53 s 3.49 s 3.81 s 3.43 s (3.39)
3.55.S 3.85 s 3.88 s 3.65 s 3.86 s 3.50 s 3.88 s 3.75 s (3.50)
3.84 s 3.88 s 3.88 s 3.89 s 3.85 s 3.90 s 3.86 s (3.83)
3.88 s 3.89 s 3.90 s 3.90 s 3.90 s 3.88 s (3.86)
3.90 s 3.91 s 3,90 s 3.92 s 3.94 s
3.90 s ---- ---- -----
0C H 20  — 5.96 s
5.96 s
5.97 d 5.94 s
OH 5.73 s 5.77 s 5.87 s 5.79 s
J (Hz): 1,3: 8,9 = 7.2; 7'a,71> = 14.0; 7'a.8' = 10.9; 9'a,8’ =4.3; 9’a,9’b = 8.5. 2: 8,9 = 7.3; 7’a,7’b = 14.0; 7’a,8' =10.9; 9’a,8’= 4.3; 9X91)
8.5. 4: 8,9 = 7.3; 7’a,77> = 14.0; 7’a,8'= 10.8; 9’a,8’= 4.1; 9’a,9'b = 8.5. 5: 8,9 = 7.0; 7’a,7'b = 13,1; 7'a,8’ = 8,6; 7’b,8’ = 9.6; 9’a,8' = 4.1
9’a,9'b = 8.7. 6:8,9 = 6.2; 7'a,71) = 13.8; 7’a,8' = 10.9; 9’a,8’ = 4.2; 9'a,91> = 8.5. 7; 8,9 = 7.2; 7’a,7’b = 14.1; 7’a,8' = 10.9; 9'a,8’ = 4.2;'  ,7T>  ’ 3 ^  ' T   :
9'a,9T) = 8.5; 0CH20: 18.1,1.6. 8: 8,9 = 7.2; 7'a,71) = 14.0; 7’a,8’ = 10.9; 9’a,8’ = 4.2; 9'a,91) = 8.4.
* Determined by 500 MHz. 
t  Signals overlapped,
# Benzene used as solvent
TABLE 2.1.2 13C NMR data of pyramidatin A-H (93-100) (50.30 MHz, CDCI3  as int. standard) 8  ppm*
c A(93) C(94) D (9 5 )(« H(96) B(97) E(98) F(99) G(100)
1 138.24 s 138.84 138.74 (139.78) 137.38 137.15 138.31 139.11 138.53
2 119.23 s 118.17 112.90 (111.20) 118.31 118.94 119.23 112.62 119.23
3 151.64 s 152.76 147.97 (149.82) 142.16 151.61 150.50 148.01 152.86
4 140.50 s 140.50 134.19 (135.56) 135.40 141.28 140.60 133.81 140.52
5 152.56 s 152.76 151.40 (152.45) 148.57 152.57 157.12 151.25 152.46
6 104.31 d 104.93 101.11 (101.96) 100.45 110.20 104.52 101.08 104.75
7 89.09 d 89.09 89.21 ( 90.20) 88.89 87.70 89.09 89.13 88.92
8 42.01 d 41.90 42.01 ( 42.94) 41.77 35.10 41.96 41.95 41.87
9 20.55 q 20.57 20.58 ( 21.16) 20.36 19.42 20.55 20.48 20.43
r 133.01 s 133.42 133.63 (134.13) 131.65 134.26 133.74 132.02 131.43
V 123.85 s 117.21 122.83 (124.68) 122.87 116.48 122.79 122.10 122.94
3 ’ 152.78 s 146.83 151.57 (152.91) 141.36 147.38 157.12 141.50 141.32
4* 140.36 134.08 140.70 (142.40) 135.59 134.26 137.90 135.62 135.40
5’ 151.27 s 150.17 151.57 (153.23) 147.18 151.79 147.16 147.49 147.23
6' 109.24 d 106.01 109.95 (111.20) 105.08 102.84 111.73 105.40 104.57
V 39.001 39.03 39.13 ( 39.52) 38.70 37.52 38.63 38.86 38.70
8' 51.24 d 51.35 51.38 ( 52.42) 51.17 46.46 51.31 51.27 51.09
9' 70.68 t 70.57 70.72 ( 71.30) 70.64 74.33 70.73 70.68 70.60
OMe 55.84 q 55.80 55.75 ( 55.86) 59.65 55.61 55.87 55.69 55.79
55.93 q 55.86 55.98 ( 56.35) 59.80 55.68 59.98 59.79 60.54
60.34 q 60.79 60.82 ( 60.98) 60.79 60.62 60.94 60.86
60.69 q 60.99 61.16 ( 61.35) 61.08 60.83 61.10
60.75 q 
61.12 q
60.99 60.98 ( 61.18) 61.08 61.16 -----
och2o 100.77 t 
101.01 t
100.86 100.71
* Degree of protonation was obtained by DEPT heteronuclear multipulse programs; multiplicities are not repeated if identical 
with those in the preceding column.
* Benzene as the solvent.
TABLE 2.1.3 DEPTI35<>, DEPT900, KC-'U  Correlation, ^C -lH  COLOC NMR
Data of Pyramidatin A (93) ( CDCI3 as int. standard, 50MHz)
Carbon
Broad Band 








^C-iH  COLOC 
j 2ch. J3ch
C-l 138.24
C-2 119.23 6.39, 4.75
C-3 151.64 3.51
C-4 140.50 6.39, 3.88
C-5 152.56 6.39, 3.89
C- 6 104.31 104.31 (+) 104.31 6.39 4.75
C-7 89.09 89.09 (+) 89.09 4.75 6.39
C-8 42.01 42.01 (+) 42.01 2.08 4.75, 2.89, 2.35
C-9 20.55 20.55 (+)
C-l' 133.01 2.89, 2.35
C-2’ 123.85 6.46, 2.89, 2.35
C-3’ 152.78 3.51
C-4’ 140.36 6.46
C-5’ 151.27 6.47, 3.88
C-6 ' 109.24 109.24 (+) 109.24 6.46 2.89, 2.35
C-7’ 39.00 39.00 (-) 2.35, 2.89
C-8 ' 51.24 51.24 (+) 51.24 2.08 2.89, 4.76, 2.35
C-9’ 70.68 70.68 (-) 3.64, 3.26 4.76
OMe 61.12 61.12 (+) 3.90, 3.90
60.69 60.69
55.93 55.93
55.84 55.84 3.54, 3.51
60.75 60.75
60.34 60.34 3.84, 3.88
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carbon (70.68) next to an ether bond and the pair of protons at 2.35 / 2.89 to the carbon 
at 5 39.00. Two overlapping methoxy groups ( 8  3.90) are connected to carbons 
absorbing at 5 60.69 and 60.75. The two protons absorbing at S 2.08 are attached to two 
carbons resonating at 8  42.01 and 51.24, which indicates there are two protons 
overlapped which is consistent witth the previous assignment. The rest of the proton- 
bearing carbons are assigned in the same way as above. Quaternary carbons are assigned 
unambiguously based on the COLOC spectrum described in the previous paragraph.
The molecular structure of pyramidatin A (93) was established by single crystal X- 
ray diffraction, and the relative configuration of 93 is shown in Figure 2.1.3, which is in 
full agreement with the structure established by spectral methods. The CD spectrum was 
obtained to determine the absolute configuration of 93 by the chirality method [2.20- 
2.23] of the hexahydroxydiphenoyl group of pyramidatin A (93). The Cotton effects are 
associated with the rotationally restricted biphenyls conjugation bands in the U V spectra, 
and allow determination of the absolute configuration of chiral hexahydroxydiphenoyl 
group by the following rule [2.20-2.23]: a negative Cotton effect near 225 nm associated 
with a positive band around 250 nm corresponds to the (R)-configuration and the 
positive absorption near 225 nm /negative band around 250 nm to the (^-configuration. 
Therefore, the negative Cotton effect at 223 nm of pyramidatin A (93) with values of 
[0]223 -20620, [0]260 +8480 corresponds to the R - configuration of the biphenyl 
skeleton (see Figure 2.1.4).
The IH and I3C NMR spectra of pyramidatin B (97), C (94), D (95) and E (98) 
revealed their structural similarity to pyramidatin A (93). Their 1H, 13C NMR and mass 
spectra gave the same molecular formula C2 3 H2 8O 7 (M+, 416). The IR absorptions at 
3300 - 3400 cm-1 and chemical shifts (5 5.75-5.87) of these compounds indicated the 
presence of mono-phenolic hydroxyl groups. The ID INAPT and 2D COLOC 
experiments were performed to locate the sites of the phenolic hydroxyl groups (Tabic





Figure 2.1.2 COLOC experiments of pyramidatin A (93)
Cl 1A
0 2  A 0 3 A
C10A0 3 ' A
C l l ' A
C3A
C I D' A
C5A
C2A
C G ' A CIA CGA
C9A
Figure 2.1.3 A perspective view of the molecular structure 
of pyramidatin A (93) by X-ray diffraction




Figure 2.1A  Circular dichroism spectra of pyramidatin A-H  (93-100)
3 - H  II
Figure 2. L5 COLOC experiments of pyramidatin B (97)
TABLE 2.1.4 DEPT-1350, DEPT-90<>, Correlation, COLOC, INAPT NMR




















C-6 110.20 110.20 (+) 110.20 6.77 4.74
C-7 87.70 87.70 (+) 87.70 4.74
C-8 35.10 35.10 (+) 35.10 2.38 2.77
C-9 19.42 19.42 (+) 0.96
c -r 134.26 2.77, 2.56
C-2‘ 116.48 6.25, 5.87, 2.77, 5.87
2.56
C-3' 147.38 5.87, 5.87
C-4' 134.26 6.25, 5.87 5.87
C-5' 151.79 6.25
C-6' 102.84 102.84 (+) 102.84 6.25 2.56
c-r 37.52 37.52 (-) 2.77, 2.56 4.74
C-8' 46.46 46.46 (+) 46.46 2.02 4.74, 2.77, 2.56
C-9’ 74.33 74.33 (-) 4.03, 3.90 2.56
OMe 55.68 55.68 (+) 3.90 3.90
61.08 61.08 3.93 3.93
55.61 55.61 3.89 3.89
61.08 61.08 3.86 3.86
60.79 60.79 3.53 3.53
u>VO
TABLE 2.1.5 DEPT-1350, DEPT-900, ^ C -lH Correlation, COLOC, INAPT NMR















C-l 138.84 4.76, 4.76
C-2 118.17 6.43, 4.76 6.43, 4.76
C-3 152.76
C-4 140.50 6.43 6.43
C-5 152.76 6.43 6.43
C- 6 104.93 104.93 (+) 104.93 6.43 4.76
C-7 89.09 89.09 (+) 89.09 4.76
C-8 41.90 41.90 (+) 41.90 2.09 2.33
C-9 20.57 20.57 (+) 1.20
C-l' 133.42 2.90, 2.33
C-2’ 117.21 6.29, 5.73, 2.90, 2.33 5.73, 6.29
C-3’ 146.83 5.73 5.73
C-4’ 134.08 6.29 6.29
C-5' 150.17 6.29 6.29
C-6 ’ 106.01 106.01 (+) 106.01 6.29 2.33
C-71 39.03 39.03(-) 2.90, 2.33
C-8 ’ 51.35 51.35 (+) 51.35 2.09 2.90, 2.33
C-9’ 70.57 3.64, 3.33 2.90, 2.33





TABLE 2.1.6 DEPT-1350, DEPT-900, 13C-!H Correlation, COLOC NMR











13CJ H COLOC 
J2ch> J3ch
C-l 138.74
C-2 112.90 6.23, 5.77, 4.77
C-3 147.97 5.77
C-4 134.19 6.23, 5.77
C-5 151.40 6.23
C-6 101.11 101.11 (+) 101.11 6.23
C-7 89.21 89.21 (+) 89.21 4.77
C-8 42.01 42.01 (+) 42.01 2.09 2.38
C-9 20.58 20.58 (+) 1.21
C-l' 133.63 2.74, 2.38




C-6' 109.95 109.95 (+) 109.95 6.52
C-7' 39.13 39.13 (-) 2.90, 2.38
C-8' 51.35 51.35 (+) 51.35 2.09 2.38
C-9’ 70.57 70.57 (-) 3.64
55.75 55.75 {+) 3.26 3.56
OMe 59.98 59.98 3.88 3.88
60.82 60.82 3.90 3.90
61.16 61.16 3.88 3.88
60.98 60.98 3.90 3.90
TABLE 2.1.7 DEPT-135°, DEPT-90O,13C-1H Correlation, COLOC, INAPT NMR
















C-2 119.23 6.40, 4.75 4.75, 6.40
C-3 150.50
C-4 140.60 6.40 6.40
C-5 157.12
C-6 104.52 104.52 (+) 104.52 6.40
C-7 89.09 89.09 (+) 89.09 4.75
C-8 41.96 41.96 (+) 41.96 2.07
C-9 20.55 20.55 (+) 1.20
c -r 133.74 2.86, 2.29
C-2' 122.79 6.53, 2.86 6.53
C-3’ 157.12
C-4’ 137.90 6.53 6.53
C-5' 147.16 6.53
C-6' 111.73 111.73(+) 111.73 6.53
C-7’ 38.63 38.63 (-) 2.86, 2.29
C-8’ 51.31 51.31 (4) 51.31 2.07 2.29
C-9’ 70.73 70.73 (-) 3.64, 3.32






B (97) was coupled via long range coupling with C-3', C-2’ and C-4’, which suggested 
that this phenolic hydroxyl group must be placed at C-3'. In the same way, the locations 
of hydroxyl groups of pyramidatin C (94), pyramidatin D (95) and pyramidatin E (98) 
were determined individually. The structure of pyramidatin B (97) was confirmed by 
single crystal X-ray crystallography (Figure 2.1.6). The structures of pyramidatin B 
(97), pyramidatin C (94), pyramidatin D (95) and pyramidatin E (98) are shown in 
Figure 2.1.1. Their absolute configurations were determined by CD spectral analysis. 
Cotton effects at 219-222 nm were assigned cither R - configurations (negative Cotton 
effect) or S - configurations (positive Cotton effect) (Figure 2.1.4). Pyramidatin B (97) 
and C (94) represent diastereomers which differ only in the chirality of the biphenyl 
moiety.
Pyramidatin F (99), C2 2 H2 4 O7 , was isolated as amorphous solid. The NMR 
spectrum indicated that it contains three methoxy groups, one methylene dioxy group 
(OCH2 O) at 8  5.97 and one phenolic hydroxyl group. The locations of these substituents 
were assigned by the COLOC and INAPT experiments (Table 2.1.8). The positive 
Cotton effect of its CD indicated that 98 has the S -configuration of the biphenyl moiety 
(Figure 2.1.4).
The !h  NMR spectra of pyramidatin G (100) (C2 3 H2 6 O 7 ) and pyramidatin H (96) 
(C2 2 H2 2 O7 ) indicated the presences of mono-methylene dioxy and di-methylene dioxy 
moieties, respectively. On the basis of 2D COLOC experiments (Table 2.1.9 - 2 .1.10), 
the locations of the substituents at the biphenyl group were assigned as shown in Figure 
2.1.1. The absolute configuration of G (100) and H (96) were determined by means of 
CD spectra as S- and R-, respectively (Figure 2.1.4).
X-Rav data of pyramidatin A (93) and B (971
The crystal structures of 93 and 97 both contain two independent molecules in 
their asymmetric units. Aside from some major differences in conformations of methoxy 
groups in 97, described below, the conformations of the A and B molecules in each case
C l l ' A
C10A
CIO A
0 3 ' A
03A
C2AC5 A C5A1





Figure 2.1.6  A perspeclive view of the molecular structure of pyramidatin B (97) by X-ray diffraction
TABLE 2.1.8 DEPT135°, DEPT900, I3 C-lH Correlation, COLOC* INAPT NMR
















C-2 112.62 6.22, 4.75 5.79, 6.22
C-3 148.01 5.79
C-4 133.81 6.22 6.22
C-5 151.25 6.22
C-6 101.08 101.08 {+) 101.08 6.22 4.75
C-7 89.13 89.13 (+) 89.13 4.75
C-8 41.95 41.95 {+) 41.95 2.07
C-9 20.48 20.48 {+)
c -r 132.02 2.87, 2.31
C-2’ 122.10 6.45, 2.87 6.45
C-3' 141.50
C-4' 135.62 6.45 6.45
C-5' 147.49 6.45
C-6' 105.40 105.40 {+) 105.40 6.45 5.97, 2.31
c-r 38.86 38.86 (-) 2.31, 2.87
C-8' 51.27 51.27 (+) 51.27 2.07 2.31
C-9' 70.68 70.68 (-) 3.34, 3.65 2.31




TABLE 2.1.9 DEPT-1350, DEPT-900, Correlation, 13C-1H COLOC NMR
Data of Pyramidatin G (100) ( CDCI3  as int. standard, 50MHz)
Carbon
Broad Band











C-2 119.23 6.40, 4.75
C-3 152.86 3.43
C-4 140.52 6.40, 3.86
C-5 152.46 6.40, 3.88
C- 6 104.75 104.75 (+) 104.75 6.40 4.75
C-7 88.92 88.92 (+) 88.92 4.75 6.40
C-8 41.87 41.87 (+) 41.87 2.06 2 .8 6 , 2.28
C-9 20.43 20.43 (+) 1.19
C-l’ 131.43 2 .8 6 , 2.28
C-2’ 122.94 6.40, 2.86, 2.28
C-3’ 141.32 3.75
C-4' 135.40 6.40, 5.94
C-5* 147.23 6.40, 5.94
C-6 ’ 104.57 104.57 (+) 104.57 6.40 2 .8 6 , 2.28
C-7’ 38.70 38.70 (-) 2 .8 6 , 2.28
C-8 ' 51.09 51.09 (+) 51.09 2.06 2 .8 6 , 2.28
C-9’ 70.60 70.60 (-) 3.64, 3.33 4.75
OMe 55.79 55.79 (+), 3.88, 3.86
61.10 61.10 3.75, 3.43
60.86 60.86 3.84
60.54 60.54 3.88
O-CH2-O 100.71 100.71 (-) 5.94
TABLE 2.1.10 DEPT-135°, DEPT-900, Correlation, ^C-lH  COLOC, INAPT NMR
Data of Pyramidatin H  (96) ( CDCI3 as int. standard, 50MHz)
Carbon
Broad Band 












C-l 137.38 2.85, 2.48
C-2 118.31 6.36, 4.71 6.41
C-3 142.16 3.75
C-4 135.40 6.36, 5.96 6.41
C-5 148.57 6.36, 5.96 6.41
C- 6 100.45 100.45 (+) 100.45 6.36 4.71
C-7 88.89 88.89 (+) 88.89 4.71 6.36
C- 8 41.77 41.77 (+) 41.77 2.03 2.85, 2.48
C-9 20.36 20.36 (+) 1.17
c -r 131.65
C-2’ 122.87 6.41, 2.85, 2.48 6.36
C-3’ 141.36 3.75
C-4' 135.59 6.41, 5.96 6.36
C-5' 147.18 6.41, 5,95 6.36
C-6 ’ 105.08 105.08 (+) 105.08 6.41 2.85, 2.48
C-7’ 38.70 38.70 (-) 2.85, 2.48
C-8 ’ 51.17 51.17 (+) 51.17 2.03 2.85, 2.48
C-9’ 70.64 70.64 (-) 3.62, 3.33
OMe 59.80 59.80
59.65 59.65 3.75, 3.75
O-CH2-O 1 0 1 .0 1 1 0 1 .0 1  (-) 5.96
100.77 100.77 5.96
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are quite similar, exhibiting differences in torsion angles of 9° or less. One of the two 
independent molecules for each compound is illustrated in Figure 2.1.3 and 2.1.6. The 
major difference in conformation between 93 and 97 is the twist about the central 
biphenyl bond C2-C2'. The endocyclic torsion angle about this bond has approximately 
the same magnitude for the two molecules, but the two have opposite signs. The average 
C1-C2-C2'-C1' torsion angle for 93 is +64.6°, while for 97, it is -62.3°. This opposite 
handedness of biphenyl twist, along with the constraints of the furan ring cause the 8 - 
membered rings of the two compounds to have quite different conformations. Compound 
93 has its 8 -membered ring in a twist conformation, where the diad twist axis bisects the 
biphenyl central bond and the C8 -C8 ' bond. In compound 97, the 8 -ring is in a 
conformation such that there are two adjacent near-zero torsion angles, about CT-C21 
and C l'-C 7’. Thus five of the eight atoms, C2, C l', C2’, C7\ and C 8 ’, are nearly 
coplanar, while the other three lie out of this plane on the same side by 1 - 2  A. The 
average deviation of the five atoms from their best plane is 0.031 A for molecule A and 
0.011 A for molecule B. The conformation of the furan ring is the half chair with Ol on 
the twist axis for 93 and the envelope with C8 ' at the flap position for 97. The methoxy 
conformational differences mentioned above for 97 involve 0 3 ’-C ll ' and 04 -C 1 2 ’, 
both on the phenyl ring carrying three methoxy groups. The C3-C4'-03'-C l I 1 torsion 
angle differs by 29° between the A and B molecules, and torsion angle C6’-C5’-04'-C12' 
by 137°. Hydroxy groups 02  in 97 form imermolecular hydrogen bonds with furan 
oxygen atoms Ol as acceptor. The 0**0 distances are 2.873 (3)A for 02A —01 A, and 
2.781(3)A for 0 2 B -0 1 B .
Experimental
General. and 13C nmr spectra were recorded at Brukcr AC 200 MHz and Bruker AM 
400 MHz Spectrometers. IR spectra were obtained on a Perkin-Elmer 1760X FT-IR 
spectrometer as a film on KBr platcx. Mass spectra were determined on a Hewlett- 
Packard 5971A GC-MS spectrometer. UV and CD spectra were recorded at AVIS
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118DS UV-Vis Spectrometer and AVIS 62DS Circular Dichroism Spectrometer using 
MeOH as solvent. Semi-prep. HPLC separations were performed on a 10 cm C18 
reverse phase column (250x10mm, Alltech) coupled to a LDC/Milton Roy CM 4000 
multi-solvent delivery system and an ISCO UV detector using an absorption wavelength 
at 260 nm. Analytical HPLC were carried out on a 10 m C 8  or C18 reverse phase 
column (250x4.6mm, Alltech) coupled to a Hewlett-Packard 1090 HPLC system with 
diode array detection at 260 nm. Vacuum liquid chromatographic (VLC) separations 
(2.24] were run on silica gel (MN Kiesclgcl G). TLC were run on precoated MN Sil-G 
25 UV254 plates (thickness 0.25mm).
Plant material. Magnolia pyramidata Bartram was collected on April 30, 1991 in the 
Ragland Hills, ca 15 miles south of Hattiesburg, Mississippi and its voucher specimen is 
deposited at the Herbarium of Louisiana State University (N. H. Fischer No. 530). 
Extraction and isolation. The air-dried leaves (1.8 kg) were ground and extracted with 
CH2 CI2  at room temp, for 24 hr, providing 17g of crude extract. Part of the extracts 
(8.2g) as sepd. by VLC on silica-gel using n-hexane-EtOAc mixtures o f increasing 
polarity, 45 frs of 25 ml each being collected. Combined frs 22-24 (766.5 mg) were 
rechromatographed by VLC (petrol -EtOAc mixtures of increasing polarity) and afforded 
40 subfrs of 25 ml each. Further prep. TLC of subfrs 15'-19* (CHCI3 -E1OAC 9:1, x2 )
gave pyramidatin A (93) (54.6 mg) and G (100) (17.2 mg). Subfrs 20’-26', after prep. 
TLC (CHCl3 -EtOAc, 17:3, x2), provided 11.4 mg of pyramidatin E (98) plus additional 
pyramidatin A (93). Subfrs 27-29' were purified by prep. TLC (CHCl3 -EtOAc, 9:1, 
x4) to give 24.3 mg of pyramidatin B (97) and 16.7 mg of pyramidatin D (95). 
Pyramidatin C (94) (11.8 mg) was obtained from subfrs 30-32' after purification by 
prep. TLC (CHC^-EtOAc, 9:1, x3). Rechromatography of fr. 21 (791.3 mg) by VLC
with petrol-EtOAc mixtures of increasing polarity produced 35 subfrs of 25 ml each. In 
addition to pyramidatin A (93), pyramidatin C (94), pyramidatin E (98), and 
pyramidatin G (100), pyramidatin H (96) (21.2 mg) was isolated from subfrs 12’-14'
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by further prep. TLC (CHCl3 -EtOAc, 19:1). Subfrs 23-24' gave pyramidatin F (99) 
(12.6 mg) by prep. TLC (CHCl3 -EtOAc, 9:1, x2), which was further purified by HPLC 
(H2 0 -Me0 H, 1:3).
Pyramidatin A (93). C2 4 H2 8 O7 , colorless crystals, mp 152-154“. IR v cm -1: 1595 
(aromatic ring), 1332 (Ar-OMe), 1103 (ether). UV X max*** nm (log e): 216 (4.58), 254 
(4.06), 292 (3.09). CD (McOH; c 3.45x10*5 M): [q]223 -20620, [0]26O +8480. MS (70 
eV ) m/z (rel. int.): 430 [M]+ (100), 415 [M-Me]+ (2.5), 399 [M-OMe]+ (5.0), 371
(5.0), 359 (5.0), 328 (8.9), 316 (6.3), 215 (3.8), 181 (5.0), 55 (5.0). *H NMR see 
Table 2.1.1. 13C NMR see Table 2.1.2.
Pyramidatin C (94). C 2 3 H2 8 O 7 , colorless oil. IR cm ’ 1: 3400 (OH), 1601
(aromatic ring), 1336 ( Ar-OMe), 1103 (C-O-C). UV X JJae? H nm  (log e): 21 1 (4.54), 
256 (3.90), 290 (3.36). CD (MeOH; c 2.82x10*5 M): [0]2 i9 -9830, [0]258 +8710. MS 
(70 eV) m/z (rel. int.): 416 [M]+ (100), 385 [M-OMe]+ (7.6), 384 [M-HOMe]+ (4.5), 
359 (6.0), 345 (12.1), 331 (4.5), 313 (4.5), 302 (7.6), 115 (2.3), 55 (3.0). >H NMR 
see Table 2.1.1. 13C NMR see Table 2 .1.2.
Pyramidatin D (95). C2 3 H 2 8 O7 , amorphous solid. IR v ^  cm ’ 1: 3418 (OH), 1602 
(aromatic ring), 1336 ( Ar-OMe), 1105 (C-O-C). UV X max'”  nm  (log e): 217 (4.53), 
256 (3.88), 290 (3.40). CD (McOH; c 5.91x10*5 M): [0]219 -42690, [0]254 +3150. MS 
(70 eV) m/z (rcl. int.): 416 [M]+ (100), 401 [M-Me]+ (3.0), 384 [M-HOMe]+ (3.8), 359 
(3.8), 341 (5.3), 325 (4.5), 302 (6.0), 282 (4.5), 181 (9.0), 55 (2.3). NMR see 
Table 2.1.1. 13C NMR see Table 2.1.2.
Pyramidatin H (96b C2 2 H2 2 O 7 , colorless crystals, mp 208-211°. IR v ^  cm *1: 
1619 (aromatic ring), 1367 ( Ar-OMe), 1267, 1208 (Ar-OCH2 0 -Ar), 1049 (C-O-C). 
U V  X max°M nm (log e): 217 (4.45), 262 (3.78), 296 (3.38). CD (MeOH; c I.96xl0*5 
M): [0]225 -6660, [6 ] 2 5 7  -1170. MS (70 eV) m/z (rel. int.): 398 [M]+ (100), 381 [M- 
OH]+ (1.9), 370 [M-CH2 =CH2]+ (3.8), 327 (8 .8 ), 313 (10.1), 297 (12.6), 269 (5.0),
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TABLE 2.1.11. Fractional atomic coordinates and equivalent isotropic 
thermal parameters (A2) for pyramidatin A (93)
Atoms X y z Beq
OlA -0.1295(9) 0.8918(3) 0.3371(6) 3.4(2)
02A 0.2399(8) 0.8490(3) 0.6017(6) 3.1(2)
03A 0.0936(9) 0.8977(3) 0.7905(6) 4.4(2)
04A -0.2563(9) 0.8918(3) 0.8264(6) 4.6(2)
02'A 0.1854(9) 0.7398(3) 0.5719(6) 3.6(2)
0 3 ’A 0.3783(9) 0.6927(3) 0.3998(7) 4.2(2)
OTA 0.347(1) 0.7197(3) 0.1741(6) 4.6(2)
CIA -0.232(1) 0.8203(4) 0.5455(9) 3.1(2)
C2A -0.047(2) 0.8210(4) 0.5305(9) 3.9(3)
C3A 0.053(1) 0.8461(4) 0.6184(8) 2.6(2)
C4A -0.017(1) 0.8685(4) 0.7135(9) 2.9(2)
C5A -0.192(1) 0.8670(4) 0.7308(9) 3.5(3)
C6A -0.300(1) 0.8427(4) 0.6461(9) 3.4(2)
C7A -0.359(1) 0.8004(5) 0.453(1) 4.0(3)
C8A -0.381(1) 0.8396(4) 0.348(1) 4.1(3)
C9A -0.315(1) 0.8933(4) 0.3712(9) 3.2(2)
C10A 0.281(1) 0.8951(5) 0.540(1) 4.7(3)
C11A 0.118(1) 0.8768(6) 0.903(1) 5.8(4)
C12A -0.439(2) 0.9012(7) 0.833(1) 6.7(4)
C l’A 0.028(1) 0.8101(4) 0.3072(9) 2.6(2)
C2'A 0.047(1) 0.7954(4) 0.4266(8) 2.5(2)
C3’A 0.167(1) 0.7553(4) 0.4532(9) 2.6(2)
C4’A 0.262(1) 0.7303(4) 0.3699(9) 3.1(2)
C5'A 0.237(1) 0.7454(4) 0.2509(9) 3.6(3)
C6'A 0.124(1) 0.7848(4) 0.2255(9) 3.7(3)
C7'A -0.104(2) 0.8487(4) 0.2611(9) 4.1(3)
C8'A -0.285(1) 0.8259(4) 0.2344(9) 3.5(3)
C9'A -0.367(2) 0.8513(5) 0.123(1) 5.0(3)
CIO'A 0.049(2) 0.7052(6) 0.617(1) 8.4(5)
Cll'A 0.320(2) 0.6419(5) 0.373(1) 6.0(4)
C12'A 0.304(2) 0.7251(5) 0.0477(9) 4.8(3)
OIB 0.6202(8) 0 0.0458(6) 3.6(2)
Q2B 0.2571(8) 0.0381(3) 0.3012(6) 3.4(2)
03B 0.3999(9) 0.0008(3) 0.5059(6) 3.6(2)
04B 0.7447(9) 0.0062(3) 0.5482(6) 4.0(2)
02’B 0.297(1) 0.1489(3) 0.2764(6) 3.9(2)
03'B 0.1160(9) 0.1988(3) 0.1038(7) 4.5(2)
04’B 0.1535(9) 0.1740(3) -0.1275(6) 4.4(2)
C1B 0.720(1) 0.0717(4) 0.2542(9) 2.6(2)
C2B 0.536(1) 0.0698(4) 0.2329(9) 3.0(2)
C3B 0.426(1) 0.0445(4) 0.3187(8) 2.6(2)
C4B 0.499(1) 0.0257(4) 0.4282(9) 3.1(2)
C5B 0.688(1) 0.0277(4) 0.4423(9) 3.5(3)
C6B 0.789(1) 0.0510(4) 0.3579(9) 3.4(2)
C7B 0.838(1) 0.0909(4) 0.1593(9) 3.5(2)
C8B 0.876(1) 0.0522(4) 0.0610(9) 3.0(2)
C9B 0.804(1) -0.0007(4) 0.0843(9) 3.3(2)
C10B 0.226(2) -0.0114(5) 0.251(1) 5.1(3)
C11B 0.373(2) 0.0279(6) 0.605(1) 5.9(3)
C12B 0.928(2) -0.0054(5) 0.552(1) 5.8(3)
Cl'B 0.467(1) 0.0824(4) 0.0138(9) 2.7(2)
(table con'd.)
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C2’B 0.444(1) 0.0948(4) 0.1334(9) 2.8(2)
C3'B 0.332(1) 0.1347(4) 0.1603(9) 3.0(2)
C4’B 0.234(1) 0.1611(4) 0.0691(9) 2.9(2)
C5’B 0.249(1) 0.1459(4) -0.0472(9) 3.2(2)
C6’B 0.372(1) 0.1089(4) -0.0744(9) 3.2(2)
C7’B 0.594(1) 0.0426(4) -0.030(1) 3.7(3)
C8’B 0.782(1) 0.0648(4) -0.0558(9) 3.3(2)
C9’B 0.862(1) 0.0405(5) -0.165(1) 4.3(3)
CIO’B 0.422(2) 0.1828(6) 0.329(1) 7.2(4)
Cll'B 0.171(2) 0.2496(5) 0.085(1) 6.1(4)
C12’B 0.190(2) 0.1681(5) -0.246(1) 4.7(3)
Beq — (8n^/3)riIjUijai aj aj*aj
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TABLE 2.1.12. Fractional atomic coordinates and equivalent isotropic 
thermal parameters (A2) for pyramidatin B (97)
Atoms X y z Beq
OlA 0.5141(2) 0 0.9102(2) 3.36(4)
02A 0.5563(2) 0.3738(1) 0.9392(2) 3.36(4)
03A 0.3624(2) 0.4680(1) 0.8532(2) 3.51(4)
OlA 0.1999(2) 0.3998(2) 0.7090(2) 4.12(5)
0 2 ’A 0.7551(2) 0.3213(1) 0.7970(2) 4.01(5)
0 3 ’A 0.9700(2) 0.2459(2) 0.8761(2) 3.71(4)
0 4 ’A 0.9537(2) 0.1081(2) 1.0004(2) 3.72(4)
CIA 0.4277(3) 0.2244(2) 0.7467(2) 2.73(5)
C2A 0.5084(3) 0.2591(2) 0.8242(2) 2.46(5)
C3A 0.4826(3) 0.3410(2) 0.8596(2) 2.62(5)
C4A 0.3821(3) 0.3865(2) 0.8164(2) 2.86(5)
C5A 0.2988(3) 0.3504(2) 0.7422(2) 3.06(6)
C6A 0.3234(3) 0.2689(2) 0.7070(2) 3.11(6)
C7A 0.4445(3) 0.1332(2) 0.7158(2) 3.16(6)
C8A 0.3738(3) 0.0729(2) 0.7921(2) 3.10(5)
C9A 0.4446(3) -0.0094(2) 0.8119(3) 3.92(7)
C10A 0.3956(5) 0.5316(2) 0.7792(3) 5.29(9)
C11A 0.1021(4) 0.3608(3) 0.6488(3) 5.57(9)
Cl'A 0.6137(3) 0.1378(2) 0.9259(2) 2.35(5)
C2'A 0.6212(3) 0.2127(2) 0.8693(2) 2.46(5)
C3'A 0.7427(3) 0.2477(2) 0.8541(2) 2.85(5)
C4’A 0.8525(3) 0.2125(2) 0.8972(2) 2.80(5)
C5'A 0.8421(3) 0.1390(2) 0.9578(2) 2.71(5)
C6’A 0.7249(3) 0.1019(2) 0.9700(2) 2.56(5)
C7'A 0.4955(3) 0.0847(2) 0.9493(2) 2.56(5)
C8’A 0.3646(3) 0.1077(2) 0.9043(2) 2.81(5)
C9’A 0.2609(3) 0.0649(3) 0.9668(3) 4.54(8)
CIO'A 0.7460(4) 0.3113(3) 0.6859(3) 5.50(9)
C ll'A 1.0258(4) 0.2956(3) 0.9542(4) 8.5(1)
C12’A 0.9445(3) 0.0371(3) 1.0686(3) 4.35(7)
01B -0.0749(2) 0.5996(1) 0.4063(2) 3.46(4)
02B 0.0123(2) 0.2302(1) 0.4553(2) 3.40(4)
03B 0.2152(2) 0.1551(1) 0.3618(2) 3.61(4)
04B 0.3339(2) 0.2335(2) 0.2007(2) 3.95(4)
02’B -0.1959(2) 0.2503(1) 0.3013(2) 3.90(5)
03’B -0.4372(2) 0.2967(2) 0.3547(2) 4.03(5)
04’B -0.4736(2) 0.4505(2) 0.4633(2) 4.95(6)
C1B 0.0823(3) 0.3888(2) 0.2582(2) 2.79(5)
C2B 0.0196(3) 0.3457(2) 0.3376(2) 2.64(5)
C3B 0.0690(3) 0.2685(2) 0.3726(2) 2.70(5)
C4B 0.1729(3) 0.2325(2) 0.3249(2) 2.95(5)
C5B 0.2339(3) 0.2745(2) 0.2436(2) 3.06(6)
C6B 0.1894(3) 0.3537(2) 0.2127(2) 3.07(6)
C7B 0.0399(3) 0.4765(2) 0.2290(2) 3.36(6)
C8B 0.0944(3) 0.5441(2) 0.3064(2) 3.13(6)
C9B 0.0035(3) 0.6185(2) 0.3167(3) 3.86(7)
Cl OB 0.1887(5) 0.0877(2) 0.2897(3) 5.6(1)
XI IB 0.4015(3) 0.2762(3) 0.1212(3) 4.41(7)
XlaB -0.1283(3) 0.4533(2) 0.4295(2) 2.62(5)
X2?B -0.1053(3) 0.3759(2) 0.3791(2) 2.65(5)
(table con'd.)
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X3?B -0.2123(3) 0.3246(2) 0.3566(2) 2.99(5)
X4aB -0.3345(3) 0.3448(2) 0.3854(2) 2.98(5)
X59B -0.3543(3) 0.4217(2) 0.4380(2) 3.11(6)
X6sB -0.2521(3) 0.4735(2) 0.4573(2) 2.98(6)
X73B -0.0305(3) 0.5219(2) 0.4550(2) 2.89(5)
X8aB 0.1065(3) 0.5143(2) 0.4209(2) 3.10(6)
X93B 0.1957(3) 0.5702(2) 0.4870(3) 4.42(7)
XIOaB -0.2076(5) 0.2611(3) 0.1903(3) 6.0(1)
Xl l sB -0.4495(4) 0.2173(3) 0.4061(4) 5.61(9)
X123B -0.5628(5) 0.3990(4) 0.5036(5) 7.5(1)
B e q  —  { 8 T t 2 / 3 ) L i L j U j j a i + a j + a j * a j
55
233 (3.8), 207 (4.5), 165 (7.6), 55 (2.5). *H NMR see Table 2.1.1. 13C NMR see 
Table 2.1.2.
Pyramidatin B (97). C2 3 H2 8 O7 , colorless crystals, mp 198-199°. IR v cm*1: 3393 
(OH), 1601 (aromatic ring), 1333 ( Ar-OMe ), 1121 (C-O-C). UV X ™x°H nm (log e): 
218 (4.53), 256 (3.93), 290 (3.35). CD ( MeOH, c 3.97x10*5 M): [0]222 +40550, 
[GJ265 +8170. MS (70 eV) m/z (rel. int.): 416 [M]+ (100), 401 [M-Me]+ (2.3), 385 [M- 
O M e]+ (9.0), 359 (6.0), 345 (12.1), 331 (6.0), 302 (8.3), 287 (3.8), 208 (4.5), 55
(3.0). *H NMR see Table 2.1.1. NMR see Table 2.1.2.
Pyramidatin E (98). C2 3 H 2 8 O7 , amorphous solid. IR v ££& cm* *: 3413 (OH), 1590 
(aromatic ring), 1334 (Ar-OMe), 1122, 1094 (C-O-C). UV X £Jax°H nm  (log e): 214 
(4.68), 258 (3.84), 219 (3.28). CD (MeOH; c 2.14x10*5 M): [0]221 +16294, [0 ] 2 5 5  
-16075. MS (70 eV) m/z (rel. int.): 416 [M]+ (100), 401 [M-Me]+ (1.5), 388 [M- 
CH 2 =CH2]+ (4.5), 356 (3.0), 345 (4.5), 327 (3.8), 302 (6 .0 ), 287 (3.0), 208 (4.5), 55
(3.0). l H NMR see Table 2.1.1. 13C NMR see Table 2.1.2.
Pyramidatin F (991. C2 2 H2 4 O7 , amorphous solid. IR V Jna* cm* *: 3389 (OH), 1596 
(aromatic ring), 1333 (Ar-OMe), 1120, 1093 (C-O-C). UV X ma°H nm  (log e): 219 
(4.54), 256 (3.87), 293 (3.49). CD (MeOH; c 1.91xl0*5 M): [0]2 3l +10834, [0]257 
-13512; MS (70 eV) m/z (rel. int.): 400 [M]+ (100), 385 [M-Me]+ (0.76), 369 [M- 
OMe]+ (4.5), 329 (3.0), 315 (3.8), 281 (4.5), 267 (4.5), 239 (1.5), 165 (4.5), 55 (3.0). 
lU NMR see Table 2.1.1. 13C NMR see Table 2.1.2.
Pyramidatin G (100). C2 3 H2 6 O7 , colorless oil. IR v c m '1: 1618,1597 (aromatic 
ring), 1334 ( Ar-OMe), 1106,1081 (C-O-C). U V  X JJa?" nm (log e): 216 (4.60), 268 
(3.72), 298 (3.06). CD (MeOH; c 3.35x10*5 M): [0]229 +36000, [0]259 -25000. MS 
(70 eV) m/z (rel. int.): 414 [M ]+ (100), 399 [M-Me]+ (1.5), 386 tM-CH2 =CH2]+ (3.8), 
355 (4.5), 343 (6.0), 326 (6.0), 312 (9.0), 300 (7.6), 285 (3.0), 55 (2.3). *H NMR see 
Table 2.1.1. 13c  NMR see Table 2.1.2.
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X - Ray crystallography of pyramidatin A (93). A colorless needle of dimensions 
0.40x0.10x0.10mm was used for data collection on an Enraf-Nonius CAD4 
diffractom eter equipped with C uK a radiation (X =l.54184 A), and a graphite 
monochromator. Crystal data are: C2 4 H3 0 O7 , Mr=430.5, monoclinic space group P2[, 
a=7.597(l), b=25.966(3), c=11.261(2)A, p=90.68(l)°, V=2221(1)A3, Z=4, dc=1.287 
g cm"3, T=25°C. Intensity data were measured by co-20 scans of variable rate, 1.37- 
3.30° m in 'l. A quadrant of data was collected within the limits 2 < 0 < 60°. Data 
reduction included corrections for background, Lorentz, polarization, and absorption 
effects. Absorption corrections (p=7.4 cm 'l)  were based on ty scans, with minimum
relative transmission coefficient 76.25%. Standard reflections did not decrease in 
intensity during data collection. Of 3322 unique data, 2767 had I>lo(I) and were used in 
the refinement. The structure was solved by direct methods using SHELXS [2.25] and 
refined by full-matrix least squares based on F with weights w = <J"2(Fo). using the 
Enraf-Nonius MolEN programs [2.26]. Nonhydrogcn atoms were refined 
anisotropically, while hydrogen atoms were placed in calculated positions. An extinction 
coefficient refined to a final value of 4.9(14)xl0"7. Convergence was achieved with 
R=0.090, Rw=0.086 using 559 variables, with maximum residual electron density 0.36 
eA"3. The crystal structure is illustatcd in Figure 2.1.3, and its atomic coordinates are 
tabulated in Table 2.1.11. The supplementary materials including hydrogen atomic 
coordinates, bond distances and angles, torsion angles as well as anisotropic thermal 
parameters have been deposited in the Cambridge Crystallographic Database.
X - Ray crystallography of pyramidatin B f97). A colorless crystal fragment of 
dimensions 0.55x0.50x0.38mm was used for data collection on an Enraf-Nonius CAD4 
diffractom eter equipped with MoKa  radiation (^=0.71073 A), and a graphite
monochromator. Crystal data are: C2 3 H2 8 O7 , Mr=416.5, monoclinic space group P2], 
a= 10.4898(6), b=15.8450(l 1 ), c= 12.6757(8)A, p =91.30(1)°, V=2106.3(4)A3, Z=4, 
dc=1.313 g cm-3, T=23°. Intensity data were measured by <0-20 scans of variable rate,
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0.66-3.30° min-1. A quadrant of data was collected within the limits 1 < 0 < 25°. Data 
reduction included corrections for background, Lorentz, and polarization effects. 
Absorption effects ([1=0.90 cm-1) were negligible, and standard reflections did not 
decrease in intensity during data collection. Of 4763 unique data, 4156 had I>3ct(I) and 
were used in the refinement. The structure was solved by direct methods and refined by 
full-matrix least squares based on F with weights w = c r 2 (Fo), using the Enraf-Nonius 
MolEN programs [2.26]. Nonhydrogen atoms were refined anisotropically, while 
hydrogen atoms were included in calculated positions, except for those of the OH groups, 
which were refined isotropically. An extinction coefficient refined to a final value of 
6.6(8)xl0*7. Convergence was achieved with R=0.041 Rw=0.051 using 549 variables, 
with maximum residual electron density 0.41 eA'3, The crystal structure is illustated in 
Figure 2.1.6, and its atomic coordinates arc tabulated in Table 2.1.12. The 
supplementary materials including hydrogen atomic coordinates, bond distances and 
angles, torsion angles as well as anisotropic thermal parameters have been deposited in 
the Cambridge Crystallographic Database.
2 .2  Sesquiterpene lactones from Magnolia virginiana 
Introduction
The North American Magnolia virginiana L. the type species of the genus 
Magnolia with the popular names Sweet Bay, Swamp Bay, Swamp Laurel and Swamp 
Magnolia occurs along the east coast of the United States from Florida and Texas 
northward to Pennsylvania, New Jersey and locally in eastern Massachusetts [2.27].
A southern variety was first published in 1919 by Sargent as M. virginiana var. 
australis [2.28] with its distribution range from North Carolina to Florida and Texas 
[2.28]. It was later recognized by Ashe (1931) as a separate species, M. australis [2.29]. 
However, the then leading world authority on the genus Magnolia, J. E. Dandy did not 
concur with Ashe's specific recognition of M. virginiana var. australis [2.30]. In 1966, J 
C. McDaniel reemphasized that M. virginiana should be separated into three varieties or
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Figure 2.1. 8  200 MHz lH NMR spectrum of pyramidatin A (93) (d6-Benzene)
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Figure 2.1.14 200 MHz 2D lH NMR COSY spectrum of
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Figure 2.1.20 Broad Band 13C NMR spectrum of pyramidatin D (95) (CDC13)
onCiuo
6. 0 5 .0 4 .0 3 .0 2.0 1.0
PPM




160 140 120 100 80 60 40
PPM *
Figure 2.1.22 Broad Band ,3C NMR spectrum of pyramidatin E (98) (CDC13)
o c h 3
ch
OH
6 . 0 4 .0 3 .0
PPM
Figure 2.1.23 400 MHz lH NMR spectrum of pyramidatin F (99) (CDC13)
CHjO
160 150 130 120 110 100 90 20
PPM
Figure 2.1.24 Broad Band i3C NMR spectrum of pyramidatin F (98) (CDC13)
-j
o c h 3










. T i l
Hg-
H7-a H7T> Hs




.  |  I  .  ( - l - T - T - f  I ■ j  .  .  ,  .  I - .  - l - . -  l - j - . -
3 .0  2 . 0  1 . 07 .0 5 .0 4 .0
PPM
Figure 2.1.25 200 MHz *H NMR spectrum of pyramidatin G (100) (CDC13)
CIUO
Cll
I p*  P  ^ p p i V f p |
160 140 120 100 80 60 40 2 0
PPM
Figure 2.1.26 Broad Band 13C NMR spectrum of pyramidatin G (100) (CDC13)
-j
CH
7 .0 6. 0 5 .0 4 .0 3 .0 2 .0 1.0
PPM
Figure 2.1.27 200 MHz *H NMR spectrum of pyramidatin H (96) (CDC13)
" ‘1........................... 1.............1............ I........................... 1............     1............................   1"
160 140 120 100 80 60 40 20
PPM
Figure 2.1.28 Broad Band 13C NMR spectrum of pyramidatin H (96) (CDC13)
-jVO
80
possibly into two species [2.31]. Although a native of the eastern and southeastern 
United States M. virginiana was introduced to other parts of the world as an ornamental.
Early inhabitants of the marshy lands in which M, virginiana occurs, prepared a 
tincture from the bark for use in chronic rheumatism and as a medicine for treating 
coughs, colds and fever [2,27]. In continuation of our search for biologically active 
compounds from the genus Magnolia of the family Magnoliaceae, the chemistry of M. 
virginiana has been investigated.
A previous study of this species obtained from a Florida nursery had resulted in 
the isolation of several bioactive neolignans: 4,4'-dialIy-2,3,-dihydroxybiphenyl ether, 
3,5’-dially-2'-hydroxy-4-methoxy-biphenyl and 5 ,5 '-dially-2 ,2 ’-dihydroxybiphenyl
[2.32], However, our investigation of regional M. virginiana from a native forest in the 
Ragland Hills, Mississippi provided only sesquiterpenes [2.33]. Therefore, a 
reinvestigation of M. virginiana was performed. In addition to the previously found 
germacranolides costunolide (102), costunolactol (103) and parthenolide (104), the 
costunolactol dimer (101) was obtained. The structures of the new and known 
sesquiterpenes were established by spectroscopic methods including mass spectral 
analysis, ID and 2D NMR experiments, and X-ray crystallography as well as circular 
dichroism.
Based on the findings that the structural differences between the previous analysis 
of M . virginiana [2.33] and our data was possibly due to seasonal changes in the 
chemistry of the plant, an annual chemical analysis of collections obtained from July 1992 
to July, 1993 of leaves of a single native plant of M, virginiana was carried out and a 
quantitative analysis of the three major constituents was performed. The chemical data 
and the seasonal studies of M. virginiana are discussed below.
Results and discussion
Ground leaves of M. virginiana were extracted with CH2 CI2 . Chromatography 
of the crude extract resulted in the isolation of four compounds costunolactol dimer
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(101), costunolide (102), costunolactol (103), parthenolide (104) as major constituents 
two of which (101 and 103) are new compounds (structures are shown in Figure 
2 .2 . 1),
The costunolactol dimer (101) was obtained as colorless crystals from the early 
fractions after being chromatographed with VLC and then recryslallized from hexane. 
The structure was established by mass spectral and and 13C NMR spectral analysis as 
well as X-ray crystallography. The 13C NMR and DEPT experiments indicated the 
presence of 15 carbons with five methines including two olefinic and one oxygenated 
carbon, five methylenes including one olefinic carbon, two methyl groups and three 
olefinic quaternary carbons. However, a molecular ion at tn/z 451 ((M+l]+) given by 
FABMS revealed that compound 101 is a symmetric molecule (only 15 carbon signals 
found in 13C NMR spectrum) consistent with the empirical formula C3 0 H4 2 O3 . The 
inspection of JH NMR spectrum of 101 indicated the similarity of spectral features to that 
of costunolide except the appearance of the broad singlet at 5 5.79 and minor changes in 
chemical shifts. In addition, the absence of hydroxyl (FT-IR) and carbonyl groups (13C 
NMR), as well as the appearance of a methine at 6  100.31 corresponding to a carbon 
bearing two oxygen atoms suggested the possibility of a lactol ether group at C-12 in the 
molecule (101) replacing the carbonyl functionality in costunolide. Due to the availability 
of suitable crystals, the X-ray crystal structure was determined by single crystal X-ray 
diffraction. The X-ray data verified the presences of an acetal bond in the dimer 101 
(Figure 2.2.2).
The complete assignments of *H NMR signals of compound (101) (data shown 
in Table 2.2.1) were achieved by a combination of ID and 2D NMR techniques, such as 
^H^H-COSY, HETCOR, DEPT and Homonuclcar Decoupling experiments [2.19]. On 
the basis of the proton spin splitting pattern and correlation in iH NMR and iH ^H - 
COSY, the absorptions of 8  4.81 (br dd), 4.71 (br d), 4.36 (t) and 5.79 (br 5) could be 





Figure 2.2.1 Sesquiterpene lactones isolated from Magnolia virginiana
Figure 2.2.2 A perspective view of the molecular structure of costunolactol dimer (101) by X-ray diffraction
TABLE 2.2.1. and 13C Nmr Data of Costunolactol Dimer (101) and Costunolactol (103)
( CDCI3 as int. standard, 400 MHz)
Atom
101 103
IH NMR OC NMR lH NMR 13CNMR
C-l 4.81 dd (11,4.0) 126.46 4.81 dd (11,4.0) 126.46
C-2a 2.24 m* 2.24 m*
C-2(5 2.16 m 26.41 2.16 m 26.41
C-3a 1.98 ml 39.38 1.98 m<I 39.38
C-3J5 2.24 m* 2.24 m*
C-4 138.03 138.03
C-5 4.71 br d (9.5) 129.12 4.71 brd (9.5) 129.12
C-6 4.36 dd (9.5,9.5) 79.49 4.36 dd (9.5,9.5) 79.49
C-7 2.24 m* 52.80 2.24 m* 52.80
C-8a 1.61 m 1.61m
C-8p 1.98 ml 27.10 1.98 ml 27.10
C-9a 2.43 m 2.43 m
C-9P 2.09 m 41.24 2.09 m 41.24
C-10 137.67 137.67
C-ll ------- 152.56 152.56
C-12 5.79 brs 100.27 5.79 br s 100.27
C-13 5.12 d (2.9) 109.17 5.12 d (2.9) 109.17
C-l 3' 5.28 d (2.6) 5.28 d (2.6)
C-14 1.37 s 16.06 1.37 s 16.06
C-15 1.67 s 17.15 1.67 s 17.15
*H, 13C nmr are assigned on the basis of 2D COSY, ^ -^ C  HETCORR and COLOC experiments. 
*, 1: signals are overlapped.
TABLE 2.2.2 DEPT1350, DEPT90\ Correlation, COLOC NMR Data
of Costunolactol Dimer (101) ( CDCI3 as int. standard, 100 MHz)
Carbon
Broad Band DEPT 135° DEPT 90° 





J 2c h -  J 3c h
C-l 126.46 126.46 (+) 126.46 4.81 1.37,2.16
C-2 26.41 26.41 (-) 2.16,2.24
C-3 39.38 39.38 (-) 1.98,2.24 1.67
C-4 138.03 1.67
C-5 129.12 129.12 (+) 129.12 4.71
C-6 79.49 79.49 (+) 79.49 4.36 5.79,1.98
C-l 52.80 52.80 (+) 52.80 2.24
C-8 27.10 27.10 (-) 1.98,1.61
C-9 41.24 41.24 (-) 2.16,2.43
C-10 137.67 1.37,1.98
C-ll 152.56 2.24,1.98
C-12 100.27 100.27 (+) 100.27 5.79 5.12,5.28
C-13 109.17 109.17 (-) 5.12,5.28
C-14 16.06 16.06 (+) 1.37
C-15 17.15 17.15 (+) 1.67
and 13C nmr were assigned on the basis of 2D !H COSY, HETCORR and COLOC experiments.
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downficld methylene proton signals 8  5.12 and 5,28 were easily attributed to exocyclic 
methylene H-13 and H-13’. The H- 6  signal exhibited a cross peak with H-5 and 
correlated with an overlapping signal around 2.14 ppm, which also showed small 
couplings with exocyclic methylene protons H-13 and H-13*. Therefore, this proton 
signal was assigned to H-7. In turn, H-7 cross-correlated with a multiple! near 5 1.98 
(H-8 ), and coupled to a multiple! near 8  1.61 which was assigned to H-8 '. Both H- 8  and 
H-8 ' showed further couplings with proton absorptions near 8  2.43 and 8  2.09 which 
were attributing to H-9 and H-9', which had to be geminally coupled based on the large 
7-value of the multiplet at S 2.43 (J^g1 =13 Hz). Two methyl absorptions at 8  1.37 and 
1.67 were assigned to Me-14 and Me-15 on the basis of their small long-range couplings 
to H -l/ H-9 and H-5, respectively. The assignments of H-2/ H-2' and H-3 /H-3’ 
followed the same procedure as above. H-2 and H-3 were overlapped with H-7, H-2' 
was partially overlapped with H-9', and H-3' was overlapped with H-8 . Further 
verification of the above assignments for protons in the up-field region was obtained from 
the 2D ^ C ^ H  correlation and homonuclear decoupling experimmts. In the HETCOR 
spectrum, the overlapping H-2, H-3 and H-7 near 8  2.24 were correlated with carbons C- 
2, C-3, and C-7, respectively. The ambiguous assignments of the closely absorbing H- 
2' and H-9' proton signals were confirmed by their correlations with C-2 and C-9, 
respectively. As were the overlapping H- 8  and H-3' by their correlations with C - 8  and 
C-3. Further evidence was obtained from the homonuclear decoupling experiments. 
Irradiation of H-9 resulted in the dramatic changes in the signal at 8  1.98 (H-8 ) and 2.09 
(H-9'). It was also observed that the broad doublet of a doublet due to H-9 collapsed into 
a broadened doublet when H-9’ was pulsed selectively. Carefully selective irradiation of 
H-8 ' caused the collapsion of the signals at 8  1.98 (H-8 ) and 8  2.09 (H-91). No apparent 
response was observed for the signal at 8  2.24 (H-7), which suggested that the dihedral 
angle between H-7 and H-8 ' must be close to 90 degree. Therefore, H-8 ’ is in a-axial 
orientation. Selective pulsing of H-8|3 (5 1.98) resulted in a strong response of both, H-
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7 and H-9, which was assigned H-9 to the a-axial configuration. Irradiation of H-l with 
an a-axial position, resulted in a strong response at 8  2.24 (H-2), which suggested that 
H-2 is in an a-axial position and H-2' at 8  2.16 in a p-equatorial configuration. 
Following the same arguments, irradiation of H-2' allowed the assignment of H-3 ( 8  
2.24) in P-cquatorial orientation and H-3' (5 1.98) in a-axial position.
The complete assignments of the carbon signals of 101 were based on the 
combined assignments of proton spectra, DEPT, 1 3 C -lH correlation and COLOC 
experiments. Proton-bearing carbons were assigned on the basis of DEPT and 13C-*H 
correlation spectra, the data being summarized in Table 2 .2 . 1 . The unambiguous 
assignments of quaternary carbons required the application of COLOC experiments. In 
the COLOC spectrum of 101 a signal at 8  138.03 exhibited a coupling with the Me- 
15, as did carbon signal at 8  137.67 with the Me-14 (Table 2.2.2). This allowed 
unambiguous assignment of the former signal as C4 and the latter as C -10. Similarly, the 
carbon signal at 8  152.64 was assigned to C-l 1 by 2/-corrclation with H-7.
The *H spectral features of compounds (102) and (104) were consistent with the 
structures of costunolide and parthenolide, respectively, which had been isolated 
previously from Magnolia grandiflora [2.2, 2.34-2.35]. Direct comparison of the NMR 
spectra of 102 and 104 with that of authentic samples of costunolide and parthenolide 
confirmed their structural identity [2.2, 2.18], The *H and 13C NMR spectra of 
compound (103), isolated from the medium polar fractions, were superimposable with 
those of compound 101 (p-epimer). Its mass spectrum with a molecular ion at m/z 234 
corresponded to the empirical formula C 1 5 H2 2 O2 , suggesting the monomeric of 
costunolactol. Both the C-12 a-epim er (minor) and C-12 P-epimer (major) of 
costunolactol (103) could be detected after further purification by prep. TLC. It was also 
observed by *H and *3C NMR that not only the a-epimer (103a) converted slowly into 
the more stable p-epimer of costunolactol (103b) but that both isomers were unstable 
and easily oxidized to give costunolide (102). Possible reactions involved are shown in
88
Figure 2.2.3. On the basis of biogenelic considerations, the dimer of costunolactol (101) 
must be derived from costunolactol (103). In fact, the costunolactol dimer (101) was 
detected by HPLC analysis only as a very minor component in the crude extracts of M. 
virginiana. Therefore, it must be concluded that the dimer 101 isolated from M. 
virginiana most likely represents an artifact formed by the dimerization of the P-epimer
(103b) during the storage of the crude extracts in the refrigerator.
The quantitative analysis of constituents in M. virginiana was performed by 
analytical HPLC. The elution order of sesquiterpene lactones in crude samples was 
established by the comparison with standard mixtures of parthenolide, costunolactol and 
costunolide. The relative percentage of the three major components, parthenolide (104), 
costunolactol (103) and costunolide (102) present in one young southern M, virginiana 
tree throughout a one year growing season are summarized in Table 2.2.3. The variation 
of the three sesquiterpene lactones within a year can be seen in Figure 2.2.4 - 2.2.5. 
These results demonstrated that the southern variety of M. virginiana produces only 
sesquiterpene lactones. The comparison of HPLC chromatograms for the major 
component of extracts obtained from native M. virginiana collected in Mississippi with 
those collected in the northern United Stales is displayed in Figure 2.2.6. The UV 
absorption pattern of peaks in the HPLC chromatogram of northern M. virginiana 
indicated the presence of phenolic compounds which is in agreement with results reported 
by Nilao etal. [2.32]. In contrast, southern M. virginiana only showed the UV pattern of 
sesquiterpene lactones, which confirmed our previous investigation of M. virginiana
[2.33]. More evidences were obtained by the HPLC analysis of M. virginiana collected 
at the LSU Hilltop Arboretum as well as plants growing next to the Field House on the 
LSU Campus. These two plants were most likely obtained from tree nurseries traving M. 
virginiana  of the northern variety which produce only lignans (Table 2.2.3). In 
conclusion, our studies illustrate that plant material obtained from plants collected in 
native southern M. virginiana populations only produce sesquiterpene lactones but
HO





Figure 2.2.3 Possible reactions involved between the constituents
of Magnolia virginiana
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TABLE 2.2.3 Relative Percentage of Costunolide (102), Costunolactol (103) and 
Parthenolide (104) Contained in Magnolia virginiana
Month /  Year Plant Materials 
(leaves)
Parthenolide Costunolactol Costunolide
7 f 1992 old 74.7 20.9 4.4
8 young 88.9 8 . 2 2.9
old 1 0 0 no detected no detected
9 young 45.2 51.6 3.2
old 32.3 63.1 4.6
11 young 42.5 55.8 1.7
old 27.3 68.4 4.3
dead 61.9 31.6 6.5
1 2 young 40.7 55.9 3.5
bottom 44.7 51.5 3.8
old 35.3 58.8 5.8
1 / 1993 young 14.4 76.2 9.4
bottom 43.2 52.7 4.1
dead 85.1 6 . 0 8.9
2 young 46.8 48.3 4.8
bottom 43.8 48.7 7.5
old 45.3 49.1 5.6
3 young 44.4 51.1 4.5
old 52.3 41.5 6 . 2
4 young 69.1 2 2 . 6 8.3
bottom 52.7 43.3 4.0
5 young 56.2 37.7 6 . 1
old 40.0 56.6 3.4
6 tip 53.7 43.4 2.9
young 31.4 65.8 2 . 8
old 33.8 63.2 3.0
7 young 88.3 5.7 6 . 0
old 58.5 33.4 8 . 1
Additional results:
<1> Absolute concentration of parthenolide, costunolactol and costunolide in 
the fresh leaves of M. virginiana in July, 1993 was 25.2%, 1.6% and 1.7% for young 
leaves, 13.5%, 7.6% and 1.9% for old leaves, respectively.
<2> M. virginiana collected in Forest County, Mississippi contained 
sesquiterpene lactones, but M. virginiana collected in the northern United States 
provided phenolic compounds (magnolol, honokiol).
<3> M. virginiana collected from Hilltop Arboretum and Field House on LSU 
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Figure 2.2.6 UV Absorption and LC Chromatogram of 
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commercially available M. virginiana ornamentals (possibly northern variety) produce 
only phenolic compounds.
X-Ray data of dimer of costunolactol (301)
The crystal structure is illustrated in Figure 2.2.2, and its coordinates are tabulated 
in Table 2.2.4. A search of the Cambridge Crystallographic Database [2.36] yielded no 
other structure determinations of sesquiterpene lactol dimers. The conformation of 
costunolactol dimer (1 0 1 ) has approximate symmetry C2 , with endocyclic torsion angles 
of the two halves differing by an average of 4.9°. The largest differences arc 11.5° for 
C7-C11-C12-01 and 10.2° for C4-C5-C6-C7. The 02-C12 C11-C13 torsion angle 
differs by 15.1° between the two halves. The conformation of the ten-membered rings 
are typical of other costunolide derivatives, agreeing well with those found in costunolide 
[2.37], its AgNC>3 complex [2.38], herbolide A [2.39], 8 a-isobutyroxycostunolide 
[2.40], and a costunolide diepoxide [2.41].
E xperim en tal
General. *H and 13C nmr spectra were recorded on Bruker AC 250 MHz and Bruker 
AM 400 MHz spectrometers. IR spectra were obtained on a Perkin-Elmer 1760X FT-IR 
spectrometer as a film on KBr platex. Mass spectra were determined on a Hewlett- 
Packard 5971A GC-MS or Finnigan-Mat TSQ70 FAB mass spectrometer. UV and CD 
spectra were recorded in a 1 mm cuvette on an AVIS 118DS UV-Vis spectrometer and 
AVIS 62DS circular dichroism spectrometer using hexane as solvent. Analytical HPLC 
were carried out on a 5 p. Sphcrisorb SsCg (Phase Sep) and Spherisorb ODS-2 (Alltech) 
reverse phase column (250x4.6mm) coupled to a Hewlett-Packard 1090 HPLC system 
with diode array detection. Vacuum liquid chromatographic (VLC) [2.24] separations 
were run on silica gel (MN Kieselgel G). TLCs were run on precoaled MN Sil-G 25 
UV254 plates (thickness 0.25mm and 1.0mm).
Plant material. The leaves of M. virginiana (L.) were collected in Forest County, 
Mississippi, U, S. A. in 1990. Identification was made by Dr. L. Thien, Cell and
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TABLE 2,2,4 Fractional atomic coordinates and equivalent isotropic 
thermal parameters (A2) of costunolactol dimer (1 0 1 )
x y z Beq
Ol 0.5800(2) 0.2909(2) 0.54601(5) 5.26(4)
o r 0.4173(2) 0.2502(2) 0.66667(6) 5.98(4)
02 0.5384(2) 0.3878(2) 0.61637(6) 5.50(4)
Cl 0.8341(4) 0.5163(3) 0.4109(1) 7.15(8)
Cl' 0.1388(5) 0.3207(3) 0.8178(1) 8.06(9)
C2 0.7025(5) 0.5203(4) 0.3784(1) 8.7(1)
C2' 0.2353(5) 0.2464(4) 0,8504(1) 10.4(1)
C3' 0.3337(6) 0.1534(3) 0.8227(1) 10.6(1)
C3 0.5900(4) 0.4182(3) 0.3905(1) 6.88(8)
C4 0.5467(3) 0.4247(3) 0.44032(9) 5.84(7)
C4' 0.4128(4) 0.2226(3) 0.78478(9) 7.19(8)
C5' 0.3458(4) 0.2313(3) 0.74479(9) 6.04(7)
C5 0.6330(3) 0.3678(2) 0.47037(8) 4.85(6)
C6' 0.3751(3) 0.3198(3) 0.70715(8) 5.14(6)
C6 0.6458(3) 0.3928(2) 0.52000(9) 4.65(6)
C7' 0.2384(3) 0.3955(3) 0.69077(9) 5.42(7)
C7 0.8094(3) 0.3972(3) 0.53817(9) 4.95(6)
C8' 0.1792(4) 0.5060(3) 0.7188(1) 7.44(9)
C8 0.9009(4) 0.5173(3) 0.5318(1) 6.47(8)
C9' 0.0816(4) 0.4795(3) 0.7608(1) 8.15(9)
C9 0.9666(4) 0.5454(3) 0.4842(1) 7.38(9)
CIO' 0.1634(4) 0.4329(3) 0.8017(1) 6.68(8)
CIO 0.8547(5) 0.5843(3) 0.4487(1) 7.29(9)
c i i ’ 0.2913(3) 0.4314(3) 0.64370(9) 5.40(6)
C ll 0.7843(3) 0.3619(3) 0.58704(9) 5.24(6)
C12' 0.3999(4) 0.3316(3) 0.62911(9) 5.65(7)
C12 0.6317(3) 0.3035(2) 0.59084(9) 5.30(6)
C13’ 0.2583(4) 0.5291(4) 0.6188(1) 7.77(9)
C13 0.8721(4) 0.3757(4) 0.6224(1) 7.77(9)
C14 0.7592(7) 0.6966(3) 0.4610(2) 12.0(2)
C14' 0.2799(5) 0.5225(3) 0.8201(1) 8.9(1)
C15 0.4185(4) 0.5100(4) 0.4519(1) 9.9(1)
C15' 0.5513(5) 0.2954(4) 0.7972(1) 9.7(1)
* Hydrogen atoms were refined isotropically, and BiSO values are given. 
Beq = (8Tr2/3 )S iS jU ijai*aj*ara j
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Molecular Biology Department, Tulane University, New Orleans, Louisiana. A voucher 
specimen is deposited at the Louisiana State University Herbarium (N. H. Fischer No 
531). The location o f the single native M. virginiana plant for the annual collection from 
July of 1992 to July, 1993 was in East Baton Rouge Parish, Louisiana. The voucher 
specimen is deposited at the Louisiana State University Herbarium (N. H. Fischer No. 
535).
Extraction and isolation. The air-dried leaves (0.940 kg) were ground and extracted with 
CH2CI2 at room temperature for 24 hrs. The 11.6 g extracts were separated by vacuum 
liquid chromatography ( VLC ) on silica-gel using n-hexane-EtOAc mixtures of 
increasing polarity, 65 fractions o f 25 ml each being collected. Frs 20-21 were 
recrystallized with hexane and afforded 42.4 mg of colorless crystals of 101. Frs 22-25 
were rechromatographed by prep. TLC with (CH2Cl2-hexane 1:1) and also gave 
additional material of 101. Frs 27-30 provided costunolide (102). Frs 35-37, after 
prep. TLC with (CH2Cl2-hexane 4:1), provided 105 mg o f crude 103, which was also 
present in subsequent fractions, was further purified by prep. HPLC with 25% H2O- 
CH3CN. Frs 38-44 contained parthenolide (104).
Costunolactol dimer 11011. CgqH^C^- colorless crystal. IR v c m '1: 1690 (C=C). 
McOHU V  X max nm: 216 (sh). FABMS (Ionization gun is Cs; acceleration voltage is 6  KV, 
Matrix is NBA) m/z (rcl. int): 451 (M+l]+ (5.5), 423 [M-CO+1]* (2.0), 369, 303, 285, 
267, 233, 217, 199. CD (Hexane: c 1.66x10*4 M): [Q] i93 . 4 0 4 0 , [0]22O +34179. lH 
and 13C NMR see Table 2.2,1.
Costunolide fl021. C55H20O2, isolated as amorphous solid. IR v c m '1: 1762 (y- 
lactone), 1664 and 1438 (C=C), 1290, 1246 and 1140 (C-CO-OC), 996,944. EIMS (70 
eV) m/z (rcl. int.): 232 [M ]+(15.3), 217 [M-Me]+ (22.1), 123 (44.1), 81 (100), 53 
(47.9). !H NMR (CDCI3): 8 4.81 (m, 1H, H -l), 2.39 (m, IH, H-2a), 2.19 (m, 1H, H- 
2p), 1.27 (m, 1H, H-3), 4.70 (br d, IH, J=10.0 Hz, H-5), 4.54 (dd, 1H, J=9.0, 10.0 
Hz, H-6), 2.77 (m, IH, H-7), 1.73 (m, IH, H-8), 2.14 (m, IH, H-9), 5.50 (d, IH,
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J=3.5 Hz, H-13a), 6.22 (d, IH, J=3.5 Hz, H-13b), 1.39 (br s, 3H, H-14), 1.67 (d, 3H, 
J=1.2 Hz, H-15). Spectral data of 102 were identical with data reported in the literature 
[2.2].
Costunolactol rt031. C igH -^O ?- colorless oil. IR V ^§5 c m '1: 3393 (OH), 
1665(C=C). U V  X 1 ? ” nm: 217 (sh). EIMS (70 eV) m/z (rel. int.): 234 [M]+, 219 
[M-Me]+, 201, 165, 145, 135, 121, 105, 81, 41. CD (Hexane; c 3.33X10-4  M): [0]ip2 
-14458, [0 ]2 i9  +26012. *H and NMR see Table 2.2.1.
Parthenolide 11041. C 15H0 QO3 . isolated as amorphous solid. IR v c m '1: 1766 (y- 
lactone), 1654 and 1458 (C=C), 1289 and 1141 (C-CO-OC), 986. EIMS (70 eV) m/z 
(rel. int.): 248 [M]+ (0.3), 233 [M-Me]+ (2.3), 230 [M-H2 0 ] + (1.3), 215 [M-Me-H20]+ 
(3.8), 190 (35.6), 43 (100). l H NMR (CDCI3 ): S 5.21 (br d, IH, J=16.8 Hz, H-l), 
2.39 (m, IH, H-2a), 2.19 (m, IH, H-2p), 1.27 (m, IH, H-3), 2.78 (d, IH, J=8 . 6  Hz, 
H-5), 3.86 (dd, IH, J= 8 .6 , 8 . 6  Hz, H-6 ), 2.77 (m, IH, H-7), 1.73 (m, IH, H-8 ), 2.14 
(m, IH, H-9), 5.62 (d, IH, J=3.4 Hz, H-13a), 6.33 (d, IH, J=3.4 Hz, H-13b), 1.71 
(br s, 3H, H-14), 1.30 (s, 3H, H-15). Structral data of 104 were identical with data 
reported in the literature [2.18].
Quantitative analysis bv HPLC. HPLC analyses were performed on a Hewlett-Packard 
1090 liquid chromatography equipped with a diode array detector. Detection channels 
were set at 230, 254 and 264 nm with a bandwidth of 4/8 nm. Chromatograms were 
recorded and analyzed on a Hewlett-Packard HPLC Chemstation (Series 300 computer). 
The column was a 5 pm Spherisorb S5 C8  (Phase Sep) and Spherisorb ODS-2 (Alllech) 
reverse phase column (250x4.6mm) coupled to a Hewlett-Packard 1090 HPLC system 
with diode array detection. Analyses were performed at room temperature with a flow- 
rate of 1.0 ml/min and mcthanol-water for isocratic separations. Sample preparation for 
the HPLC analysis involved plant extraction with dichloromethane, evaporation of the 
solvent, dissolving in methanol. Filtration through a cartridge of reverse phase silica gel
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removed chlorophylls. Finally the solution was filtered through a millipore filter, and 
diluted to a specific volume of methanol for HPLC analysis.
X-rav data for costunolactol dimer (1011. Recrystallization of dimer of costunolactol 
(101) in hexane afforded colorless crystals. A colorless crystal of dimensions 
0.48x0.37x0.30mm was used for data collection on an Enraf-Nonius CAD4 
diffractom eter equipped with CuKcx radiation (X=1.54184 A), and a graphite
monochromator. The crystal was sealed in a capillary during data collection. Crystal data 
are: C3 oH4 2 0 3 t Mr=450.7, orthorhombic space group P 2 \2 \2 \ , a=8.8884(4), 
b=10.6085(7), c=29.275(3)A, V=2760.4(6)A3, Z=4, dc =1.084 g c n r3, T=24°. 
Intensity data were measured by tfl-20 scans of variable rate. An octant of data was 
collected within the limits 2 < 9 < 75°, and second octant within 2 < 9 < 60°. Data
reduction included corrections for background, absorption, decay (6 .8 % of original 
intensities) Lorentz, and polarization effects. Absorption effects (p=5.0 c m 1) were based 
on ij/ scans, with minimum relative transmission coefficient 91.6%. Of 4831 unique 
data, 3425 had I>3cr(I) and were used in the refinement.
The structure was solved by direct methods using SHELXS [2.25] and refined by 
full-matrix least squares based on F with weights w = cr2(F0), using the Enraf-Nonius 
MolEN programs [2.26], Nonhydrogen atoms were refined anisotropically, while 
hydrogen atoms were included in calculated positons and not refined. An extinction 
coefficient refined to a final value of 2.07(1 l)x l0  6. Convergence was achieved with 
R=0.050, Rw=0.055 using 299 variables, with maximum residual electron density 0.22 
eA '3. The crystal structure is illustated in Figure 2 .2 .2 , and its atomic coordinates are 
tabulated in Table 2.2.4. The supplementary materials including hydrogen atomic 
coordinates, bond distances and angles, torsion angles as well as anisotropic thermal 
parameters have been deposited in the Cambridge Crystallographic Database.
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Figure 2.2.7 400 MHz lH NMR spectrum of costunolactol dimer (101)
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Figure 2.2.9 400 MHz 2D NMR COSY spectrum 
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Figure 2.2.11 13C-‘ H NMR Correlation (COLOC) spectrum of costunolatol dimer (101)
o
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2 .3  Lignans and  neolignans from  Magnolia soulangiana  
In troduction
The phytochemistry of Magnolia soulangiana, the most widely cultivated 
Magnolia in western gardens, has been investigated. Magnolia soulangiana is a hybrid of 
Magnolia heptapeta and Magnolia quinquepeta. Previous investigation of this species 
reported the isolation of sesquiterpene lactones soulangianolide A and soulangianolidc B 
from leaves [2.5J. and lignans saulangianin, denudatin A, dcnudatin B, vcragucnsin, 
cyclohexadienone, aurein, and pinoresinol dimcthylether from the flower buds [2.42]. 
Our investigation of leaves of M. soulangiana collected in Vancouver, British Columbia, 
Canada afforded five known lignans: galgravin (2), denudatone (30) and futoenone 
(31), in addition to the previously found veraguensin (5) and denudatin A (33) [2.42] 
(Figure 2.3.1). The structures of these five lignans were established by spectroscopic 
methods, especially by high-field NMR techniques, mass spectral analysis and X-ray 
crystallography. The *H and 13C n m r  spectra of these lignans were assigned by 
combined applications of COSY, 13C-!H correlation, DEPT, and INAPT methods. 
R esults and discussion
Compound (33) formed needle-like crystals after VLC chromatography and 
recrystallization from hexane. Inspection of *H and ^ ^H -C O S Y  spectra revealed the 
presence of a neolignan which contains a methylenedioxyphenyl moiety and an allyl 
group. Chemical shifts at 187.00 and 174.43 ppm in the 13C NMR and an IR absorption 
at 1668 c m 1 are in accord with the presence of a cyclohexadienone moiety. The mass 
spectrum gave a molecular ion at m/z 340 which is consistent with the empirical formula 
C 2 0 H2 0 O5 . The and 13C NMR spectra of neolignan 33 were superimposable with 
the spectra of denudatin A, which had been previously isolated from Magnolia denudata 







30 R1,R2 ,R3 = OMe
31 Rt,R2 = 0-C H 2-0 , R3 -  H
33
Figure 2.3.1 Neolignans isolated from Magnolia soulangiana
Figure 2.3.2 A perspective view of the molecular structure of denudatin A (33) by X-ray diffraction
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After prep. TLC, compound (31) crystallized from methanol as colorless needles. 
The spectral data suggested that 31 was a neolignan, and had a methylenedioxy- 
substituted benzene ring and a cyclohexadienone moiety. The mass spectrum gave a 
molecular ion at m/z 340 which was consistent with molecular formula C2 0 H 2 0 O5 , as 
found for denudatin A. However, in contrast to denudatin A, the 1H NMR spectrum of 
31 exhibited a completely different structural pattern. 2D NMR study of 31, such as 
^H^H-COSY, 1 3C-*H correlation and especially, COLOC experiments, provided 
sufficient detail to establish the connectivities of this spiro-cyclohexadicnone derivative. 
Comparison with literature data showed that the NMR spectra of 31 are identical with the 
and ^ C  NMR spectral data of futoenonc, which had been previously isolated from 
Piperum futokadzura [2.43]. The relative stereochemistry of futoenonc was determined 
by single crystal X-ray diffraction (Figure 2.3.3). The biogenesis o f spiro- 
cyclohexadienone type of neolignan is outlined in Figure 1.5.
Compound (30), which was crystallized from methanol, exhibited *H NMR 
spectral features indicating its structural similarity to futoenone. The and ^ C  NMR 
data and the mass spectrum with a molecular ion at m/z 386 (C2 2 H2 6 O6 ) were consistent 
with the structure of denudatonc, previously isolated from Magnolia denndata [2.10]. 
This was confirmed by ID and 2D NMR techniques including DEPT, INAPT, ^H^H- 
COSY, ^ C ^ H  correlation and COLOC experiments (Table 2.3.3) and spectral 
comparison.
The NMR spectra of compound 2 and 5 revealed that both contain units of 
Me-CH-CH-Ar moiety. Careful studies by the spectral methods including mass spectral 
analysis and NMR experiments as well as spectral comparison with literature data 
confirmed the identity of 2 and 5 to galgravin and veraguensin, respectively. The 13c  
NMR data of 2 and 5 have not been reported before. The assignments of the 13C NMR 
of 2 and 5 were achieved based on the 13C-iH correlation (Table 2.3.2).
TABLE 2,3.1 NMR Data of Compounds (2,5,30,31 and 33) in Magnolia soulangiana
(200MHz, CDC13 as int. standard) 5 ppm
H 2 5 30+ 31 33
2 6,83-6.99 m 7.01-7.06 m 6.39 s 6.61-6.76 m 6.77 s
5 6.83-6.99 m 7.01-7.06 m ---- 6.61-6.76 m 6.79 s
6 6.83-6.99 m 7.01-7.06 m 6.39 s 6.61-6.76 m 6.79 s
7 4.52 d 6.4 5.13 d 8 .6 2.56 dt 16.9, 6.2 2.56 dt 16.8, 6.1 5. 30 d 9.5
8 2.27 m 2.25 m 2.07 dq 11.4, 6.4 2.02 dq 11.3,6.5 2.14 dq 9.5, 6 .8
8-Me 1.06 d 6 .6 0.66 d 7.0 0.62 d 6 .6 0.60 d 6 .6 1 .12  d 6 .8
V 6.83-6.99 m 6.86-6.90 m ---- --- ___
3' — — 5.80 s 5.79 s 5.80 s
5 ’ 6.83-6.99 m 6.86-6.90 m ---- ---
6 ' 6.83-6.99 m 6.86-6.90 m 5.49 s 5.46 s 6.24 br s
7'a 4.52 d 6.4 4.42 d 9.3 2 .2 2  br d 11.4 2.17 brd 11.2 3.14 m
7'b — — 2.39 dd 6.5,12.0 2.38 m 3.14 m
8 ' 2.27 m 1.80 m 5.05 brt 5.03 br t 5.70-6.10 m
8 '-Me 1.06 d 6 .6 1.07 d 6.5 ---- ---
9'a — — 1.76 dd 13.7, 12.1 1.72 dd 13.7,11.8 5.09 br s
9'b — — 2.32 dt 14.1,5,9 2.27 m 5.16brd 6 .2
5’-OMe — — 3.67 s 3.67 s 3.11 s
Ar-OMe 3.87 s 3.86 s 3.82 s ---- . . . .
3.87 s 3.88 s 3.85 s —- ... .
3.88 s 3.89 s 3.85 s . . . . . . . .
3.88 s 3.91 s ---- ---- __
o c h 2o  
. — :— :
— — ---- 5.94 s 5.97 s
Determined by 400 MHz.
TABLE 2.3.2 13C NMR Data of Compounds (2,5,30, 31 and 33) from Magnolia soulangiana
(50.30 MHz, CDCI3 as int. standard) 8  ppm
c 2* 5* 31 30 33
] 134.89 s 133.86 s 137.27 s 139.04 s 131.21 s
2 118.60 d 119.26 d 107.65 d 104.79 d 106.70 d
3 149.00 s 149.04 s 147.94 s 153.40 s 148.27 s
4 148.52 s 148.64 s 146.38 s 139.04 s 148.14 s
5 111.03 d 111.14 d 108.36 d 153.40 d 108.21 d
6 109.85 d 110.52 d 121.09 d 104.79 d 120.85 d
7 87.25 d 87.29 d 46.19 d 46.93 d 91.26 d
8 44.36 d 48.00 d 45.57 d 45.35 d 49.95 d
9 12.94 q 15.07 q 14.44 q 14.60 q 6 .6 6  q
1 ' 134.89 s 133.86 s 50.31 s 50.33 s 143.00 s
2 ' 118.60 d 118.68 d 179.98 s 179.98 s 187.00 s
3' 149.00 s 148.64 s 101.44 d 101.45 d 102.81 d
4 ’ 148.52 s 148.12 s 183.07 s 183.07 s 174.43 s
5' 111.03 d 110.78 d 153.41 s 153.40 s 77.62 s
6 ’ 109.85 d 110.07 d 108.98 d 108.92 d 131.03 d
7' 87.25 d 83.06 d 43.701 43.701 33.481
8 ' 44.36 d 46.05 d 81.85 d 81.82 d 135.10 d
9' 12.94 q 15.00 q 38.041 37.911 117.21 t
5-OMe — — 55.24 q 55.25 q 51.11 q
Ar-OMe 55.83 q 55.90 q — 56.23 q ----
55.97 q 55.90 q — 56.23 q ----
55.97 q 55.90 q — 60.83 q ----
55.83 q 55.90 q — 60.83 q ----
och2o — — 101.03 t — 101.30 t
* Data has not been reported.
TABLE 2.3.3 DEPT135°, DEPT900, 1 3C-lH Correlation, ^ C -lH COLOC, INAPT NMR















C-l 139.04 s 2.56, 2.07
C-2 104.79 d 104.79 (+) 104.79 6.39
C-3 153.40 s 6.39, 3.85
C-4 139.04 s 6.39, 3.82
C-5 153.40 d 6.39, 3.85
C- 6 104.79 d 104.79 (+) 104.79 6.39
C-7 46.93 d 46.93 (+) 46.93 2.56
C-8 45.35 d 45.35 (+) 45.35 2.07
C-9 14.60 q 14.60 (+) 0.62
C -l’ 50.33 s 2.07, 5.05, 5.80
C-2' 179.98 s 5.49 2.07, 5.49
C-3' 101.45 d 101.45 (+) 101.45 5.80
C-4’ 183.07 s 5.49 5.49
C-5' 153.40 s 5.49, 3.67 5.80
C-6 ' 108.92 d 108.92 (+) 108.92 5.49
C-7’ 43.701 43.70 (-) 2.22, 2.39
C-8 ’ 81.82 d 81.82 (+) 81.82 5.05 2.39
C-9' 37.911 37.91 (-) 1.76, 2.32
5'-0 Me 55.25 q 55.25 (+) 3.67 3.67
Ar-OMe 56.23 q 56.23 {+) 3.85 3.85
56.23 q 56.23 (+) 3.85 3.85
60.83 q 60.83 (+) 3.82 3.82
Figure 2.3.3 A perspective view of the molecular structure offutoenone (31) by X-ray diffraction
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Finally, fractions 50-55 contained very minor components which seemed to be a 
mixture of burchellin-type neolignans [2.44]. However, the amounts were too small to 
allow further separation and characterization.
Experimental
General *H and 13C NMR spectra were recorded at B raker AC 200 and B raker AM 400 
MHz Spectrometers. IR spectra were obtained on a Perkin-Elmer 1760X FT-IR 
spectrometer as a film on KBr plates. Mass spectra were determined on a Hewlett- 
Packard 5971A GC-MS spectrometer. Semi-preparative HPLC separations were 
performed on a 10 p ALLTECH ECONSIL C18 or ALLTECH SPHERISORB ODS-2
reverse phase column (250x10mm, Alltech) coupled to a LDC/Milton Roy CM 4000 
multi-solvent delivery system and an ISCO UV detector. Analytical HPLC were carried 
out on a 5 p. Spherisorb S5 C8  (Phase Sep) and Spherisorb ODS-2 (Alltech) reverse phase 
column (250x4,6mm) coupled to a Hewlett-Packard 1090 HPLC system with diode array 
detection. Vacuum liquid chromatographic (VLC) [2.24] separations were run on silica 
gel (MN Kiesclgel G). TLC were run on precoated MN Sil-G 25 UV254 plates 
(thickness 0.25mm).
Plant material. Magnolia soulangiana Soulange-Bodin was collected on July, 1989 in Dr. 
Bruce Bohm's frontyard in Vancouver, British Columbia, Canada. The plant voucher is 
deposited in the Herbarium of the University of British Columbia, Vancouver, Canada. 
Extraction and isolation. The air-dried leaves (0.54 kg) were ground and extracted with 
CH2 CI2  at room temperature for 24 hrs, providing 12 g of crude extracts. This extract 
(10 g) was separated by VLC on silica-gel using n-hexane-EtOAc mixtures of increasing 
polarity, and 6 6  fractions of 25 ml each were collected. The fractions 23-26 were further 
micro-recrystallizcd two and three times and yielded needle-like crystals, which were 
identified as denudatin A (33). Fractions 36-44 were purified by prep. HPLC with 35% 
H 2 0 -MeOH after purification of prep. TLC with 5% EtOAc-CHCl3 x 2, and further 
recrystallization with McOH gave a colorless crystals of the known lignan veraguensin
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(5), and its isomer galgravin (2). Fractions 58-61 afforded a crystals futoenone (31) 
which was identified by single crystal X-ray diffraction after purification by prep. TLC 
and recrystallization from MeOH. Fractions 63-66 provided crystals of dcnudatone (30) 
after purification with prep. TLC using 20% EtOAc-CHCh x 3, prep. HPLC with 25% 
H2 0 -Me0 H and further recrystallization by MeOH.
Galgravin (2). C2 2 H2g0 5 , colorless crystals. EIMS (70 eV) m/z (rel. int.): 372 [MJ+ 
(24.4), 206 [M-C1 0H 14O2]+ (100), 191 [M-Cu H170 2]+ (50.0), 175 [M-C1 2H 190 3]+
(57.7). ]H NMR see Table 2.3.1. 13C NMR see Table 2.3.2.
Veraguensin (5). C2 2 H2 8 O5 , colorless crystals. EIMS (70 eV) m/z (rel. int.): 372 [M]+
(22.8), 206 [M-C1 0H j4 O2]+ (100), 191 [M-Cn H 1 70 2]+ (65.8). >H NMR see Table 
2.3.1. 13C NMR see Table 2.3.2.
Dcnudatone (30). C ^^fcO g, colorless crystals. EIMS (70 eV) m/z (rel. int.): 386 [M]+ 
(100), 209 (63.5), 196 (38.5). !H NMR see Table 2.3.1. 13C NMR see Table 2.3.2. 
Futoenone (31). C 2oH2 o0 5 » colorless crystal. EIMS (70 eV) m/z (rel. int.): 340 [M]+ 
(100). NMR see Table 2.3.1. 13C NMR see Table 2.3.2, X-Ray crystallographic 
structure and data see Figure 2.3.3 and Table 2.3.5.
Denudatin A (33). C^oHnpOg. needle crystals. IR v c m '1: 1668 (C=C-CO-C=C), 
1623 (C=C), 1498 (aromatic ring), 1349 (Ar-OMe), 1250, 1175, 1039, 932. EIMS (70 
eV) m /z (rel. int.): 340 [M]+ (7.5), 310 [M-CH2 O j+ (100), 254 [M-CH2 0 -  
CH 2 =CHCH2 C H 3]+ (20.9), 175 (38.8), 162 (52.2). 'H  NMR sec Table 2.3.1. 13C 
NMR see Table 2.3.2. X-Ray crystallographic structure and data see Figure 2.3.2 and 
Table 2.3.6.
X-ray data for futoenone (31) and denudatin A (33). Intensity data were collected on 
an Enraf-Nonius CAD4 diffractometer equipped with C uK a radiation (X -1.54184 A),
and a graphite monochromator, by o>29 scans of variable rale. Data reduction included 
corrections for background, Lorcnlz, polarization, and absorption effects. Absorption 
corrections were based on \jr scans. Standard reflections did not decrease in intensity.
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Data with I>3a(I) and were used in the refinements. The structures were solved by direct 
methods using SHELXS [[2.25] and refined by full-matrix least squares based on F with 
weights w = ct' 2(F0), using the Enraf-Nonius MolEN programs [2.26]. Nonhydrogen 
atoms were refined anisouopically. Crystal data, details of refinements, and final R 
indices are given in Table 2.3.4. Refinement of the mirror-imagc structure of futoenone 
was carried out in space group P32* The reported structure yielded R=0.03I04, 
Rw=0.03690, GOF= 1.963, while the alternate structure yielded R=0.03107, 
Rw=0.03698, GOF=1.967. The crystal structures of 31 and 33 are illustrated in Figure 
2.3.2 and 2.3.3. Their atomic coordinates are tabulated in Table 2.3.5 and 2.3.6. The 
supplementary materials including hydrogen atomic coordinates, bond distances and 
angles, torsion angles as well as anisotropic thermal parameters have been deposited in 
the Cambridge Crystallographic Database.
2 .4  Neolignans from  Magnolia acuminata  
In tro d u ctio n
Magnolia acuminata L., commonly called the cucumber tree, is a tall forest tree of 
the eastern and mainly southern parts of the United States. It has been used as an 
ornamental tree as well as a source of lumber. Its bark was used in the treatment of 
malaria and rheumatism, although roots are believed to be more effective [2.45]. It was 
reported that the root bark of M. acuminata provided the lignans galgravin (2), calopiptin 
(3), veraguensin (5) and acminatin (35) [2.45]. Since there are no reports about the 
chemical constituents of the leaves, a preliminary phytochemical study of regional M. 
acuminata was conducted in our laboratory, which suggested the possible presence of 
sesquiterpene lactones [2.33]. As a continuation of this investigation, the leaves of M. 
acuminata were reexamined. However, the reinvestigation resulted in the isolation of five 
burchellin-type hydrobenzofuranoid neolignans instead of sesquiterpene lactone [2.44]. 
The structures of these neolignans were elucidated by spectroscopic methods, especially
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TABLE 2.3.4 Crystallographic Data of Futoenone (31) and Denudatin A (33)
Futoenone D enudatin A
Formula C2 0 H2 0 O5 C2 0 H2 0 O5
Molecular weight 340.4 340.4
Space group Monoclinic C2 Trigonal P3i
a <a > 17.562(2) 7.5210(6)
b ( f ) 6.9192(4)
c (A) 17.1365(10) 25.2821(13)
P(°) 121.379(6)
V(A3) 1777.8(6) 1238.4(2)
Dc (g cm-1) 1.272 1.367
Z 4 3
g (CuKa) 7.1 7.7
Temperature (°C) 2 1 24
Crystal dimensions (mm) 0.15x0.20x1.05 0.40x0.40x0.45
Crystal Colorless needle Colorless trigonal prism
0  range (°) 2-75 2-75 (hemisphere)
Unique data 1906 1748
Observed data 1714 1677
Criterion for observed I>3o(I) I>3o(I)
Refined variables 226 306
Min. rel. tranmission (%) 8 6 . 1 96.6
R 0.041 0.031
Rw 0.055 0.037
Max. resid. density (eA'3) 0.14 0 . 2 0
Min. resid. density (eA"3) -0 . 1 1 -0.17
Hydrogen atoms Not refined Refined isotropically
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TABLE 2.3.5 Fractional atomic coordinates and equivalent isotropic 
thermal parameters (A^) for futoenone (31)
Atoms X y z Boq
O! 1.1481(2) 0.8472(3) 0 4.69(4)
02 1.0627(2) 0.7416(3) 0.08725(6) 4.96(4)
03 0.0405(2) 0.3644(2) -0.10453(5) 3.87(3)
04 -0.0827(3) -0.2484(2) -0.18791(8) 5.27(4)
05 0.1718(3) -0.0236(2) -0.26512(6) 5.02(4)
Cl 0.5915(2) 0.5175(3) -0.02109(7) 3.00(3)
C2 0.7966(2) 0.6498(3) -0.03517(7) 3.21(3)
C3 0.9400(2) 0.7163(3) 0.00427(7) 3.29(3)
C4 0.8877(3) 0.6541(3) 0.05656(7) 3.53(3)
C5 0.6904(3) 0.5271(3) 0.07152(7) 3.85(4)
C6 0.5412(3) 0.4591(3) 0.03154(7) 3.52(4)
C7 0.4205(2) 0.4514(2) -0.06144(7) 2.93(3)
C8 0.4649(2) 0.3890(2) -0.11584(6) 2.83(3)
C9 0.4836(3) 0.1973(3) -0.11021(8) 3.95(4)
CIO 1.2278(3) 0.8594(4) 0.05216(9) 5.19(5)
C ll 0.2899(4) 0.1058(4) -0.30809(9) 5.11(6)
Cl' 0.2963(2) 0.3641(3) -0.15740(6) 2.88(3)
C2' 0.0864(2) 0.2422(3) -0.13366(7) 3.20(3)
C3' -0.0399(3) 0.0419(3) -0.14156(8) 3.86(4)
C4‘ 0.0101(3) -0.0623(3) -0.18216(8) 3.81(4)
C5' 0.1776(3) 0.0753(3) -0.21964(7) 3.56(4)
C6‘ 0.3121(3) 0.2696(3) -0.20784(7) 3.30(4)
C7' 0.3058(3) 0.5721(3) -0.16271(7) 3.52(4)
C8’ 0.2118(3) 0.5768(3) -0.11000(8) 3.68(4)
C9’ 0.3605(3) 0.6191(3) -0.06513(8) 3.71(4)
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TABLE 2.3.6 Fractional atomic coordinates and equivalent isotropic 
thermal parameters (A2) for denudatin A (33)
Atoms X y z Bcq
01 0.0296(1) 1 0.3591(1) 8.22(6)
02 0.0565(1) 0.8304(4) 0.2612(1) 7.20(5)
03 0.1894(2) 0.9242(4) 0.9072(1) 8.66(6)
04 0.2427(1) 0.7132(4) 0.6791(1) 6.24(4)
05 0.2687(1) 0.3575(3) 0.7821(1) 6.12(4)
Cl 0.1639(1) 0.6145(4) 0.5202(1) 4.78(5)
Cl' 0.1507(2) 0.6048(5) 0.8537(1) 5.76(6)
C2 0.1117(1) 0.7819(4) 0.4910(1) 5.41(5)
C2' 0.1914(2) 0.7980(5) 0.8585(2) 6.27(7)
C3 0.0799(1) 0.8398(4) 0.4032(2) 5.35(5)
C3' 0.2273(2) 0.8327(5) 0.8005(2) 6.45(7)
C4 0.0953(1) 0.7383(5) 0.3439(1) 5.38(5)
C4’ 0.2242(1) 0.6930(4) 0.7461(1) 5.37(6)
C5 0.1443(2) 0.5733(5) 0.3704(2) 6.26(6)
C5’ 0.1943(1) 0.4890(4) 0.7458(1) 5.03(5)
C6’ 0.1482(1) 0.4686(5) 0.7976(1) 5.55(6)
C6 0.1794(1) 0.5135(4) 0.4607(2) 5.75(6)
C7 0.2050(1) 0.5461(4) 0.6167(1) 5.10(5)
CT 0.1131(2) 0.5797(7) 0.9149(2) 7.35(8)
C8 0.1427(1) 0.4520(4) 0.6429(1) 4.83(5)
C8' 0,0812(2) 0.3804(8) 0.9170(2) 10.3(1)
C9 0.1228(2) 0.2412(5) 0.6125(2) 6.34(6)
C9' 0.0099(3) 0.326(1) 0.9035(3) 14.4(2)
CIO' 0.3368(2) 0.3877(6) 0.8748(2) 7.79(9)
CIO 0.0284(2) 1.0136(6) 0.2767(2) 7.43(9)
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Figure 2.3.4 200 MHz !H NMR spectrum of gaigravin (2)
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Figure 2.3.6 200 MHz *H NMR spectrum of veraguensin (5)
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Figure 2.3.8 200 MHz lH NMR spectrum of denudatone (30)
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by mass spectral analysis and high field lH and l3C NMR including COSY, DEPT, 13C- 
lH correlation and COLOC methods as well as structural comparison.
R esults and discussion
The methylene chloride extract was subjected to VLC with a gradient solvent 
system of hexane and ethyl acetate by a stepwise increase of the amount of ethyl acetate. 
The interesting fractions were further purified on prep. TLC with 30% ethyl acetate- 
hexane and followed by HPLC with 55-60% HjO-acetonitrile, affording five neolignans: 
acuminatin A, acuminatin B (110), acuminatin C (32), acuminatin D and acuminatin E. 
The structures of acuminatin B (110) and C (32) are shown in Figure 2.4.1.
Acuminatin B (110), C21H 24O 5 , was obtained as a colorless oil. When 
compared with the *H and 13C NMR of denudatin B (34) [2.10], the spectral features of 
110 clearly revealed its structural similarity with denudatin B. The spectra suggested the 
presence o f an allyl group, as well as a cyclohexadienone and a 3,4-dimethoxyphenyl 
(veratryl). However the diagnostic benzalic ether proton signal H-7 in *H NMR had 
shifted downfield by about 1 ppm, and the C-2'/ C-4' signals in 13C NMR appeared at 
slightly different frequencies. Further NMR experiments were performed, including 
DEPT90% DEPT 135% lH ,!H-COSY, and ^ C ^ H  heteronuclear shift correlation, in 
order to establish the full skeletal arrangement of 110. Careful inspection of 2D spectra 
suggested that 110 is a burchellin-type neolignan (shown in Figure 2.4.1) [2.44], in 
which the allyl group and non-aromatic mcthoxy groups are located at C-5' and C-l', 
respectively. The structures of two related known compounds 110a and 110b arc also 
shown in Figure 2.4.1. However, the structural data of 110 did not match either those 
of 110a and 110b (Table 2.4.1). Therefore, the possible stereochemistry o f 110 is 
proposed to be 111. More NMR experiments such as NOE difference or NOESY 
experiments are needed to confirm the stereochemistry of 110.
Complete assignments of protons and carbons of acuminatin B (110) were based 




















Figure 2.4.1 Burchcllin-type neolignans isolated from Magnolia acuminata
TABLE 2.4.1 13C NMR Data of burchellin-type neolignans from Magnolia acuminata
(100 MHz, CDCI3 as int. standard) 8  ppm
c 110 110a [2.44] 110b [2.44, 2.46] 32 (*) [2.44]
1 129.11 129.8 129.9 131.55 (131.5)
2 108.78 109.1 109.2 106,60 (106.6)
3 149.10 149.6 149.6 148.20 (148.1)
4 148.82 149.2 149.2 148.20 (148.1)
5 111.09 110.9 110.9 108.21* (107.8)
6 117.99 119.3 119.4 120.58 (120.5)
7 87.39 91.0 91.1 91.03 ( 91.0)
8 44.67 49.3 49.4 49.53 ( 49.5)
9 1 2 .1 1 8.5 8.5 8.34 ( 8.3)
1 ' 152.95 153.3 153.0 153.52 (153.3)
V 182.74 182.6 181.4 182.77 (182.8)
V 102.04 101.9 101.9 102.08* ( 1 0 1 .8 )
4 ’ 181.61 181.3 182.7 181.32 (181.4)
5* 54.04 51.0 51.0 50.96 ( 50.9)
6 ' 109.13 107.8 107.9 107.86 (107.8)
V 44.00 36.7 36.7 36.73 ( 36.6)
8 ' 131.82 130.7 130.8 130.91 (130.9)
9' 120.23 119.9 119,9 119.98 ( 1 2 0 .0 )
l'-OMe 55.32 55.2 — 55.28* ( 55.8)
Ar-OMe 55.99 ---------- 55.9
55.92 ---------- 56.1
0CH20 101.35 ( „ )
* 13c NMR data of burchellin.
TABLE 2.4.2 1H-, 1 3C-, DEPTI350, DEPT900, 13C-JH Correlation, COLOC NMR















1 ---------- 129.11 5.96,6.87
2 6.72 d 108.78 108.78 (+) 108.78 6.72 5.96,
3 — 149.10 6.87,6.72
4 — 148.82 6.78,6.72
5 6.87 brd 111.09 111.09 (+) 111.09 6.78
6 6.78 dd 117.99 117.99 (+) 117.99 6.87 5.96,6.72
7 5.96 d 87.39 87.39 (+) 87.39 5.96 6.72
8 2.71 q 44.67 44.67 (+) 44.67 2.71 0.50
9 0.50 d 12.11 12.11 (4 ) 0.50
1’ ---------- 152.95 5.88,5.50
2’ ---------- 182.74 5.50
3' 5.88 s 102.04 102.04(4) 102.04 5.88
4’ — 181.61 5.50
5’ — 54.04 0.50
6’ 5.50 s 109.13 109.13(4) 109.13 5.50
7’a 2.55 dd 44.00 44.00 (-) 2.55,2.71
7'b 2.71 d ----------
8' 5.75 ra 131.82 131.82 (4 ) 131.82 5.75 2.55,2.71
9’a 5.15 d 120.23 120.23 (-) 5.15,5.21
9 b 5.21 dd ----------
l ’-OMe 3.68 s 55.32 55.32 (4) 3.68
Ar-OMe 3.89 s 55.99 55.99 (4) 3.89
3.89 s 55.92 55.92 (4 ) 3.89
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2.4.2) as well as stuctural comparison [2.44]. Unambiguous assignments of the 
quaternary carbons C-3 and C-4 were derived only from the COLOC experiment. In the 
COLOC spectrum, H- 6  exhibited a three bond coupling with C-4 (S 148.82), while H-5 
showed a V-coupling with C-3 (5 149.10). The assignments of the other two quaternary 
carbons C-l and C-5' were also determined by COLOC. The coupling of the carbon 
absorbing at 8  129.11 to H-5 and H-7 through V  and 27-couplings assigned this small 
peak to C -l. Similarly, the carbon signal at S 54.05 was assigned to C-5’ due to its V- 
coupling with H-9.
Acuminatin C (32), C2 0 H2 0 O5 , which partially overlapped with acuminatin D in 
HPLC chromatogram, was isolated as a colorless oil. Mass spectral analysis as well as 
direct 1H, 13C NMR spectral comparison with burchellin established its identity (Table 
2.4.1) [2.44], which had been previously isolated from M . denudata and A/. HHflora 
[2.9-2.10, 2.16],
Acuminatin A, was obtained as a minor component. The NMR spectral 
features are very similar to that of acuminatin B (100) except H-7, which shifted upfield 
from 5 5.96 to 8  5.20. EIMS gave a prominent peak at m/z 356 consistent with the 
molecular formula C2 1 H2 4 O5 . The mass spectral pattern did not match that of the isomer 
110b (Figure 2.4.1) [2.46], Because of the difficulty encountered in the separation due 
to partial overlap with acuminatin B (100) in prep. HPLC, only limited amount of 
acuminatin A had been collected. Based on the NMR and mass spectral data, the 
structure of acuminatin A is tentatively proposed to be 110a. Further verification by 
Broad Band 13C NMR and comparison with an authentic sample will be necessary to 
confirm this assumption.
Acuminatin D and E, C2 0 H2 0 O5 , have the same empirical formula as burchellin. 
Both have almost the same mass spectral patterns, similar to that of burchellin, indicating 
a structural similarity but a different stereochemistry. The two possible stereoisomers
134
112a and 112b are shown in Figure 2.4.1. The application of 2D NMR methods will 
be needed to establish the full structure and stereochemistry.
E xperim ental
General. and nmr spectra were recorded at Bruker AC 250 MHz and Brukcr AM 
400 MHz Spectrometers. Mass spectra were determined on a Hewlett-Packard 5971A 
GC-MS spectrometer. Semi-preparative HPLC separations were performed on a 10 jt
ALLTECH ECONSIL C18 reverse phase column (250x10mm, Alltech) coupled to a 
LDC/Millon Roy CM 4000 multi-solvent delivery system and an ISCO UV detector. 
Analytical HPLC were carried out on a 5 p. Spherisorb ODS-2 (Alltech) reverse phase 
column (250x4.6mm) coupled to a Hewlett-Packard 1090 HPLC system with diode array 
detection. Vacuum liquid chromatographic (VLC) [2.24] separations were run on silica 
gel (MN Kieselgel G). TLC were run on precoatcd MN Sil-G 25 UV254 plates 
(thickness 0.25m m ).
Plant material. Magnolia acuminata was collected on August 18, 1993 at Hilltop 
Arboretum in East Baton Rouge Parish, Louisiana. The voucher specimen (N. H. 
Fischer No. 475) was deposited at the Louisiana State University Herbarium.
Extraction and isolation. Fresh leaves of M. acuminata were extracted with CH2 CI2  at 
room temperature for 24 hrs, providing 25 g of crude extracts. 12.4 grams of this extract 
was separated by vacuum liquid chromatography ( VLC ) on silica-gel using n-hcxanc- 
EtOAc mixtures of increasing polarity, 94 fractions of 25 ml each were collected. 
Rechromatography of fractions 50-61 with EtOAc-Hexane by VLC afforded 45 
subfractions. Prep. TLC of subfractions 25-33 with 30% EtOAc-Hexane (x4) gave one 
fraction shown only one spot on TLC plate, which were further separated by prep, HPLC 
with gradient elution of 55-60% H2 O-CH3CN and yielded three compounds (acuminatin 
C, D, E). One of them (D) couldn't be separated from C and E. Subfractions 34-41 after 
prep. TLC with 30% EtOAc-Hexane (x4) followed by prep. HPLC with 60% H2 O- 
CH3CN provided acuminatin A and B.
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Figure 2.4.3 Broad Band 13C NMR spectrum of acuminatin C (32)
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Figure 2.4.5 Broad Band, DEPT-135° and DEPT-900 l3C NMR spectrum of acuminatin E
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Figure 2,4.8 400 MHz 2D !H NMR COSY spectrum of acuminatin B (110)











Figure 2.4.10 13C-*H NMR Correlation (COLOC) spectrum of acuminalin B (110)
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Figure 2.4.11 250 MHz *H NMR spectrum of acuminatin A
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Acuminatin A. C2 1 H2 4 O5 . colorless oil. EIMS (70 eV) m/z (rel. int.): 356 [M]+ (100), 
341 [M-Me]+ (18.9), 313 (6.9), 205 (32.6), 178 (11.6), 163 (13.1), 151 (29.4), 115 
(19.8), 91 (24.9), 77 (25.7).
Acuminatin B fllOL C2 1 H2 4 O5 . colorless oil. EIMS (70 eV) m/z (rel. int.): 356 [M]+ 
(100), 341 [M-Me]+ (16.5), 326 [M-CH2 0]+ (11.5), 313 (6.9), 300 (5.0), 205 (8 .8 ), 
151 (7.6), 91 (4.1), 77 (3.8). *H and NMR see Table 2.4.1.
Acuminatin C f 321. C2 0 H2 0 O5 . colorless oil. EIMS (70 eV) m/z (rel. int.): 340 [M]+ 
(100), 325 [M-Me]+ (14.3), 297 (10.5), 284 (13.0), 205 (33.2), 149 (11.5), 135
(37.2), 115 (16.8), 91 (15.3), 77 (26.6). NMR see Table 2.4.2.
Acuminatin D. C2 oH2oC>5 - colorless oil. EIMS (70 eV) m/z (rel. int.): 340 [M]+ (100), 
325 [M-Me]+ (14.2), 297 (10.5), 284 (12.0), 205 (32.9), 149 (12.8), 135 (37.8), 115
(18.2), 91 (16.8), 77 (31.4).
Acuminatin E. C 2 oH2o05- colorless oil. EIMS (70 eV) m/z (rel- int.): 340 [M]+ (100), 
325 [M-Me]+ (14.3), 297 (10.9), 284 (13.1), 205 (34.1), 149 (12.3), 135 (39.6), 115
(19.0), 91 (16.4), 77 (29.9). NMR (CDCI3 ): 5 182.51, 181.90, 152.78, 148.0, 
147.0, 134.73, 131.61, 120.18, 117.21, 109.04, 108.36, 104.93, 102.62, 101.26, 
92.90, 55.30, 52.85, 46.24, 43.95, 18.73.
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BIOSYNTHETIC STUDIES OF SECONDARY M ETABOLITES 
IN A ST E R A C E A E  HAIRY ROOT CULTURES
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3 .1  Biosynthetic studies of lactucin derivatives in hairy root cultures of
Lactuca floridana  using 13C-labeled precursors
Introduction
Sesquiterpene lactones represent one of the largest classes of plant products with 
over 4000 reported naturally occurring substances. The highly bitter principles have been 
isolated from fungi, liverworts and about 2 0  angiosperm families, but mainly from the 
Astcraceae, Lamiaceae, Lauraceae, Magnoliaccae, and Winteraceae [3.1-3.2]. The major 
subgroups of sesquiterpene lactones include germacranolides, eudesmanolides, 
elemanolides, eremophilanolides, guaianolides, pseudoguaianolides, xanthanolides, 
seco-pseudoguaianolides and cadinanolides [3.1]. Biogenetically, the formation of the 
various skeletal types of sesquiterpene lactones are proposed to be derived from 
germacradiene precursors which are formed via the mevalonic acid - famesyl /  nerolidyl 
pyrophosphate route [3.1]. However, a wealth of information on the isolation and 
structural determination of sesquiterpene lactones is contrasted by a nearly total lack of 
data on the biosynthesis of sesquiterpene lactones [3.3-3.7], Reason for the paucity of 
biosynthetic data of sesquiterpene lactones is most likely due to the fact that earlier 
biosynthetic attempts were directed toward plants which have been found to very poorly 
incorporate precursors into terpenoids. Furthermore, undifferentiated plant cell cultures 
are generally believed to change pathways of secondary metabolites [3.8-3.9]. However, 
in the mid 1980s, it was found that cultures of roots transformed with Agrobacterium 
rhizogenes have many advantages over undifferentiated plant cell cultures for the 
production of plant secondary metabolites. Transformed roots popularly known as hairy 
roots represent differentiated cells and provide a convenient tissue source for the 
production of root-derived secondary metabolites at high and stable production levels 
[3.10-3.15]. Previous biosynthetic studies in our laboratory of polyacetylcncs in hairy 
root cultures of Tagetes patuia have demonstrated that hairy rooks are well suited for 
biosynthetic studies involving 13C-labclcd precursors [3.16-3.17]. In continuation of our
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biosynthetic investigations of structurally and biosynthetically diversified types of 
secondary metabolites, we have studied the sesquiterpene lactones in hairy root cultures 
of blue-flowered lettuce, Lactiica floridana. This species belongs to the tribe Lactuceae in 
the family Asteraceae. The known guaianolides 8 -acetyl-11P, 13-dihydrolactucin (113) 
[3.18], 8 -acetyllactucin (114) [3.18] and 8 -desoxylactucin (115) [3.19] were isolated 
from hairy roots of L. floridana (Figure 3.1.1). Biosynthetic results of ^C-labeling 
experiments with sesquiterpene lactones 113, 114 and 115 performed with hairy root 
cultures of L. floridana are presented below.
Results and  discussion
Dried roots of natural L. floridana were extracted with dichloromethane and the 
crude extract was successively chromatographed throught vacuum liquid chromatography 
(VLC) with increasing polarity of hexane - ethyl acetate followed by preparative HPLC 
separation with 30% CH3 C N -H 2 O. Two known guaianolides, 8 -acetyl-l lp , 13- 
dihydrolactucin (113), 8 -acetyllactucin (114), which have been found previously from 
the aerial parts of L. floridana [3.18], were the major constituents and two known 
eudesmanolides, reynosin (116) [3.20-3.21] and santamarine (117) [3.20, 3.22] were 
minor products. The latter compounds (116 and 117) arc possible artifacts being 
derived from costunolide- 1, 1 0 -epoxide during chromatographic procedures on silica gel 
during the isolation procedures. Trace amounts of 8 -deoxylactucin (115) were also 
detected by GC-MS. Previous chemical investigation of L. floridana roots only reported 
the isolation of the triterpcnes lupeyl acetate, its A 12,13- isomer and stigmasterol [3.18]. 
Complete assignments of the proton and carbon signals of 113 and 115 (Table 3.1.1 
and 3.1.2) were achieved by the use of DEPT 135° and DEPT 90° experiments as well as 
COSY, carbon-hydrogen correlations [3.23], and by spectral comparison with published 
results of 114 and 115 (*H and MS) [3.18-3.19].
Hairy root clones T l, Ll-3 and L4-6 of L. floridana used for this study were 






113, R = H,CH 3







Figure 3.1.1 Constituents isolated from natural and hairy roots of L. floridana
TABLE3.1.1 13C Percent Enrichments Observed in Aceiate-[l-I3 C],[2-13C]-and [l,2-1 3C2l-
Labeled 8-Acetyl-11,13-dihydrolaclucin (113)
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Carbon 6  (ppm)* Percent Enrichment 2J(13C-13C) (Hz)
Acetate-11-13C] Acelate-[2-13C] Acclale-[l,2-13C] Acetate-[1,2-13C|
C-l 132.37 s ------- 0.34 0.92 52.9
C-2 194.40 s 2.99 ------ 1.39 53.0
C-3 133.55 d ------ 0.99 0 .8 6 32.2
C-4 171.28 s 5.40 1.41 46.2
C-5 48.50 d ------- 2.09 1.44 39.4
C-6 80.54 d 1.30 ------ 1.91 39.3
C-7 58.76 d 1.96 1.48 42.2
C-8 70.10 d 0.78 1.90 42.2
C-9 44.771 ------- 1.96 0.70 37.0
C-10 146.40 s 3.03 ------- 1.92 39.8
C-ll 40.86 d 1.45 0.28 1 .2 0 37.1
C-12 176.38 s 0.59 6,37 0.71 48.6
C-13 14.90 q 1.92 2.13 37.4
C-14 21.49 q 3.22 3.15 39.9
C-15 62.491 1.23 2.48 46.1
C-16 169.68 s 4.97 1.98 59.2
C-17 2 1 .1 0  q 1.77 2.18 59.7
Recorded at 400 MHz in CDCI3 (Inverse Gated l3C-nmr for singly labeled precursors. Broad Band for doubly labeled precursor) 
*H and ,3C nmr data have not been reported previously.
'15 H
HO
TABLE 3.1.2 13C Percent Enrichments Observed in Acetate-11-13C], [2-13C]- 
and [1,2 -13C2]- Labeled 8 -Deoxylactucin (115)
S (ppm) mulL
H-3 6.44 dt (J=1.5,1.5) H-9ax 2.53 m
H-5ct 3.70 brd(J=10.0, 1.5) II-13a 5.49 d (J=3>
H-6p 3.61 1 (1=10.0.10.0) 1t-13b 6.19 d (J=3)
H-7a 2.89 m H-14 2.46 s
H-8ax 1.46 m ll-15a 4.57 brd(J=17,1.5)
ll-Seq 2.22 m ll-15b 4.90 bril(J=l7,1.5)
H-9eq 2.40 01






C-l 131.13 s ------- 0.32 ------- 0.92 53.0
C-2 195.16 s 1.74 0.30 0.63 53.3
C-3 133.26 d ------- 1.59 1.31 0.74 31.0
C-4 171.53 s 1 .6 8 ------ 0.74 46.7
C-5 49.83 d 1.76 0.26 1.16 38.7
C-6 83.87 d 3.80 0.14 0.17 1.32 38.7
C-7 52.74 d 2.47 0.09 1.05 36.6
C-8 24.251 4.20 0.83 ------ 1.19 36.6
C-9 37.311 2.62 1.26 0.59 34.7
C-10 153.34 s 1.42 ------- 1 .22 39.3
C-ll 138.37 s 1.99 ------- 0.71 75.3
C-l 2 168.87 s 0.82 0.54 0.59 63.8
C-13 119.311 1.68 0.19 1.34 75.6
C-14 21.95 q 1.78 0.19 1.39 39.5
C-15 62.481 0.17 2 .8 6 0.17 1.54 46.1
Recorded at 400 MHz in CDCI3 (Inverse Gated 13C-nmr for singly labeled precursors, Broad Band for doubly labeled precursor)
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Agrobacterium rhizogenes into the genome of L. floridana [3.24]. These clones were 
grown in bioreactors and the labeled precursors were added aseptically to the reactors two 
weeks after inoculation. After harvest the hairy root cultures were extracted and the crude 
extract chromatographed in the same way as that of natural roots. 8 -A cetyl-lip , 13- 
dihydrolactucin (113), 8 -acetyllactucin (114) and 8 -desoxylactucin (115) were isolated 
in pure form and their chemical structures were elucidated by the spectroscopic methods 
[3.23] and by spectral comparison with reported data [3.18-3.19].
The 13c NMR data of labeled acetate-[l-t3 C], acetate-[2-I3 C] and acetate-[l,2- 
13C 2 ]-enriched 8-acetyl-llp,13-dihydrolaclucin (113) are shown in Table 3.1,1. The 
13C NMR spectra of the unlabeled and the singly labeled experiments were recorded on 
the same scale (absolute intensity) to allow for easy comparison of the relative intensities 
of the peaks thus deriving the magnitude and the distribution of 13C-incorporations. The 
1 3C- enrichments of single-labeled precursors were calculated using a method reported 
previously [3.25]. [1-1 3C]-Acetate-enriched 8 -acetyl-l ip,13-dihydrolactucin (113) 
exhibits enhanced signals for carbons 2, 4, 6 , 8 , 10, 11 and 16 while [2-1 3C]-acetate 
-enriched 113 shows enhancements of carbon signals 1, 3, 5, 7, 9, 12, 13, 14, 15 and 
17. These results are in full agreement with the biogenetic proposal of 8 -acetyl-11 p, 13- 
dihydrolactucin (113) which suggests that the fifteen carbons of this sesquiterpene 
lactone skeleton must be derived from the acetate-mcvalonate-farnesyl or nerolidyl 
pyrophosphates pathway followed by cyclizations, and enzymatically catalyzed 
oxidations and reductions (Figure 3.1.2). Similar results were obtained for 8 - 
deoxylactucin (115) enriched with singly labeled acetates (Table 3.1.2). In both 
compounds, it was observed that C - l2 and C-13 are nonequivalent carbons, which 
indicates that they remain nonequivalent through all the biosynthetic steps. In the 
experiments with doubly labeled acetate the [ 1,2-1 3C2 ]-acetate was 99% enriched with 
1 3C-isotopes. In the 13C NMR spectrum of acetate-[l,2-1 3 C2]- enriched 8 -acctyl- 
1 ip,13-dihydrolactucin (113), the carbons exhibited the characteristic triplets that result
0  / ^ O p p
#  via malonyl-CoA
----------------------------------------*— ^  m  . A
S-CoA





















^•*1110 -C ^ C H ^
O  8-AcetyI-l 1,13-dihydrolactucin (113)
Figure 3.1.2 Proposed biogenetic pathway of lactucin and its derivatives
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when doubly labeled acetate is incorporated into the molecule as a single intact unit. The 
center peak is due to the natural abundance signal and the two satellite signals (Figure 
3.1.8) are caused by 13 C-13C spin-spin coupling from incorporations of intact acetate 
units [3.26], Of particular interest was the coupling observed between C-l/C-2 (53.0 
Hz), C-4/C-15 (46.2 Hz), C-5/C-6 (39.4 Hz), C-7/C-8 (42.2 Hz), C-l 0/C-14 (39.9 Hz), 
C-l l/C-13 (37.3 Hz) and C-16/C-17 (59.4 Hz), which indicated that these carbon pairs 
were derived from intact acetate units. Carbons 3 ,9  and 1 2  appeared as multiple satellite 
signals with couplings of 32.2 Hz for C-3, 37.0 Hz for C-9 and 48.6 Hz for C -l2, but 
no specific couplings with any other carbons were detected. These couplings can only be 
accounted for by substantial 13C-13C spin-spin coupling between adjacent carbons due to 
higher incorporation of I3 C-enriched doubly labeled acetate in these positions [3.16, 
3.25]. Furthermore, this indicated that during the biosynthesis these three carbons are 
derived from acetate units that lost the adjacent terminal carboxyl carbon in the 
fragmentation step from mevalonic acid to isopentenyl pyrophosphate (IPP) and 
dimethylallyl pyrophosphate (DMAPP). As summerized in Table 3.1.1, all acetate- 
derived carbon atoms showed almost equivalent enrichment (average 1.82% enrichments) 
except C-3, C-9 and C-12, which averaged 0.75% enrichments. The smaller relative 
enrichment values associated with these three carbons were attributed to the bond scission 
that occurred at C-3, C-9 and C-12 during the biosynthesis. Feeding experiment o f [1,2- 
13C2 ]-acetate also identified the direction of acetate units incorporated into 8 -ace tyl- 
1 ip,13-dihydrolactucin (113), which suggests that the extension of sesquiterpene 
lactone chain is highly specific and enzymatically controlled. The incorporation of doubly 
labeled [ l ,2 - 13C2]-acetate into 8 -deoxylactucin (115) gave similar results (Table 3.1.2). 
The results obtained from ace tale- [1,2- I3C2 ]-enriched 8 -acetyl- 1 ip,13-dihydrolactucin 
(113) and 8 -deoxylactucin (115) are consistent with the results from the singly labeled 
experiments and support the biogenetic proposal on the formation of fifteen-carbon 
sesquiterpene lactones from acetate-mevalonate-germacradiene pathway followed by
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cyclization and further modifications leading to the guaianolide skeleton, as outlined in 
Figure 3.1.2.
The biosynthesis of 8 -acetyl-l ip,13-dihydrolactucin (113), 8 -acetyllactucin (114) 
and 8 -deoxylactucin (115) was further explored by feeding hairy root cultures of L. 
floridana  with [2-1 3 C]-mevalonic acid lactone. Additional support for the above 
proposed pathway was obtained. Utilization of [2-I3 C]- mevalonic acid into 8 -acetyl- 
1 lp,13-dihydrolactucin (113) and 8 -deoxylactucin (115) was expected to show 
incorporations at the positions marked by symbols A corresponding to carbons 3, 9 and 
12 in 113 and 115, respectively. The 13C NMR spectra of 8 -desoxylactucin (115) 
produced in the presence of [2 -13C]-mevalonic acid lactone showed enrichments at the 
specific sites C-3, C-9 and C-12 (Table 3.1.2). These results provided further evidence 
for the specific pathway leading from mevalonic acid through famesyl pyrophosphate to 
germacradiene followed by further transannular cyclization to the guaianolides 8 - 
deoxylactucin (115) and 8 -acetyl-l ip,13-dihydrolactucin (113).
In conclusion, all 13C-incorporation data obtained in the experiments described 
above confirmed the previously proposed biogenesis for guaianolide-type sesquiterpene 
lactones [3.2] via the acetate-mevalonate-germacradiene pathway. The results of our 
investigation also demonstrated that hairy root cultures provide a suitable medium for 
studying the biosynthetic pathways of sesquiterpene lactones.
Experimental
General. *H and 13C NMR spectra were recorded on a Bruker AC 200 MHz and Bruker 
AM 400 MHz Spectrometers. IR spectra were obtained on a Perkin-Elmer 1760X FT-IR 
spectrometer as a film on KBr platex. Mass spectra were determined on a Hewlett-Packard 
5971A GC-MS or Finnigan-Mat TSQ70 FAB mass spectrometers. Semi-prep. HPLC 
separations were performed on a 10p. C l 8  reverse phase column (250x10mm, Alltech) 
coupled to a LDC/Milton Roy CM 4000 multi-solvent delivciy system and an ISCO UV 
detector. Analytical HPLC were carried out on a lOp C8  or C I 8  reverse ph ase column
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(250x4.6mm, Alltech) coupled to a Hewlett-Packard 1090 HPLC system with diode array 
detection. Vacuum liquid chromatographic (VLC) [3.27] separations were run on silica 
gel (MN Kieselgel G) and TLC were performed on precoated MN Sil-G 25 UV254 plates 
(thickness 0.25mm and 1.0mm).
Plant materials. Roots of Lactuca floridana were collected on November 15, 1989 in East 
Baton Rouge Parish, Louisiana, U. S. A. The voucher specimen (N. H. Fischer No. 
409) is deposited at the Louisiana State University Herbarium.
Hairy root cultures. The hair root clones, T l, L l-3 and L4-6 of L. floridana  were 
established by infection with Agrobacterium rhizogenes strain TR 105. The hairy roots 
were transferred and subcultured in 50 cm 3 of phytohormone free, modified Murashige 
and Skoog’s medium in 125 cm3 Erlenmeyer flasks on a rotary shaker in the dark at 150 
rpm at 25° every 3-4 weeks. The modified MS medium, in which the MS vitamins and 
iron were replaced by B5 vitamins and iron, was supplemented with 30 g I-1 sucrose, and 
pH was adjusted to S.7-5.8, prior to autoclaving of the medium, with 0.1 N KOH/HC1. 
Incorporation experiments. Hairy roots (20-35 g per bioreactor) from 3-week-old liquid 
cultures were inoculated into a bioreactor at the same medium conditions described above 
for subcultures. The bioreactor used for culturing the hairy roots was an inverted 10 liter 
polycarbonate carboy (Nalgcne) with a fritted glass air sparger placed in the cap opening. 
The top of the reactor was fitted with an air outlet and an inoculation port. The R e ­
labeled precursor solution ([1- 13C]-, [2 - i3C]-, [1,2-13C2]- sodium acetate, and [2 - 13C]- 
mevalonic acid lactone) was added aseptically to each bioreactor (0.4 or 0.2 g/ 9 1) through 
a sterilized filter two weeks after inoculation. All experiments were conducted in aseptic 
conditions. The hairy roots were harvested after further 4 weeks, and then rinsed with 
distilled water, blotted dry, weighed immediately to give the fresh weight.
Extraction and separation of constituents from natural and hairv roots. The air-dried 
natural roots of L. floridana were extracted with CH2 CI2  at room temp. The crude extract 
( 0.88 g ) was applied to VLC using mixt of hexane and EtOAc with increasing polarity
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and yielded 36 frs 20 ml each. The frs 25-27 were combined and then purified by HPLC 
with 30% CH3CN-H2O, affording 10 mg of 113 and 5 mg of 114. Purification o f 113 
and 114 can be also performed by reduction of this mixture with NaBH4 . The 18 to 24 
fractions yielded 7 mg of reynosin (116) and 3 mg of santamarine (117) by prep. TLC 
with 1% MeOH-CHCl3 x 4.
Wet root cultures of L  floridana (1068g) without feeding with labeled acetates were 
extracted at the same conditions described above for isolation of natural roots. After 
removal of solvent, the crude extract (2.5g) was chromatographed by VLC using mixts of 
hexane and EtOAc with increasing polarity and yielded 49 frs of 20 ml each. Frs 30-35 
were combined and further purified by HPLC with 30% CH3CN-H2O producing 18mg of 
a mixt. o f 113 and 114, and 19.0 mg of 115. The mixture o f 113 and 114 w as  
converted to pure 113 by reduction with NaBH4 .
Wet hairy roots of L. floridana  (194g) fed with 0.4 g of [ l - 13C]-acetate were 
extracted at the same conditions described above. VLC o f this crude extract (105mg) 
using mixt. of hexane and EtOAc with increasing polarity yielded 38 frs 20 ml each. The 
residue from frs 25-28 were combined and further purified by HPLC with 30% CH3CN- 
H2O to afford 10.8 mg of 113, 4.6 mg of 114, and 9.7 mg of 115.
Wet hairy roots of L. floridana (348g) fed with 0.4 g of [2-13C]-acetate were 
extracted as described above. The crude extract (51 lmg) was chromatographed by VLC 
using mixts of hexane and EtOAc with increasing polarity to give 48 frs of 20 ml each. 
Further purification of frs 34-37 by HPLC with the same elution conditions gave 6.2 mg 
of 113, 3.4 mg of 114, and 10.3 mg of 115.
Wet root cultures o f L. floridana (880g) fed with 0.4 g of [ l ,2 - l3C]-acelate were 
extracted as described above. The crude extract (l.Og) was chromatographed by VLC 
using mixts of hexane and EtOAc with increasing polarity and produced 31 frs of 20 ml 
each. The residue from frs 24-26 was further purified by HPLC with 30% CH3CN-H2O 
affording 5.8 mg o f 113, 6.1 mg of 114, and 20.5 mg of 115.
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Wet root cultures of L. floridana (1261g) fed with 0.25 g of [2-13C]-mevalonic acid 
lactone were extracted as described above. After removal o f solvent, the crude extract 
(3.70 g) was chromatographed by VLC using mixts of hexane and EtOAc with increasing 
polarity to yield 52 frs of 20 ml each. Frs 34-39 were combined and further purified by 
HPLC with 30% CH3CN-H2O producing 19.5 mg o f a mixture o f 113 and 114, and
26.3 mg of 115. The mixture of 113 and 114 was converted to pure 113 by reduction 
with NaBH4 .
Acetyl-11 p. 13-dihvdrolactucin (113). 8TAc-8.15-Dihydroxy-2-oxo-1(101.3-guaiadien- 
12.6-olide. CiyH ^Og, colorless needles. FABMS m/z (rel. int.): 320 [M]+ (2), 260 
[M-CH3COOH]+ (13), 231 [M-CH3COOH-C2H5]+ (58), 187 [M-CH3COOH-C2H5- 
C 0 2]+ (100), 43 [CH3-CO]+ (87). *H and 13C NMR data see Table 3.1.1. 
SrAcetvllactucin (114). 8-Ac-8.15-Pihvdroxv-2-oxo-1 (101.3.11(13)-guaiatrien-12.6- 
olirio- C nH igO *. colorless oil. EIMS (70 eV) m/z (rel. int.): 318 [M]+ (0.9), 276 [M- 
C 0 2]+ (1), 258 [M-CH3COOH]+ (10), 229 [M-CH3COOH-C2H5]+ (40), 43 [CH3-CO]+ 
(100). NMR (CDCI3): 8  6.46 (br s, H-3), 3.26 (br d, H-5), 3.26 (t, H-6 ), 3.71 (ddd, 
H-7), 4.92 (ddd, H-8 ), 2.50 (dd, H-9a), 2.75 (dd, H-9b), 6.24 (d, H-13a), 5.67 (d, H- 
13b), 2.47 (br s, H-14), 4.58 (br d, H-15a), 4.91 (br d, H-15b) and 2.17 (s, H-I7). 13C 
NMR (CDCI3): 8  132.70 (C-l), 194.22 (C-2), 133.34 (C-3), 171.03 (C-4), 48.43 (C-5), 
80.87 (C-6 ), 54.74 (C-7), 69.10 (C-8 ), 44.46 (C-9), 146.01 (C-10), 135.87 (C -ll) , 
167.99 (C-12), 122.30 (C-13), 21.42 (C-14), 62.49 (C-15), 169.64 (C-16) and 21.01 
(C-17).
8 -Deoxvlactucin (115). 15-H ydroxv-2-oxo-1 (101.3.11 (13)-guaiatrien-12.6-olidc. 
C 15H 16O4 , colorless oil. EIMS (70 eV) m/z (rel. int.): 260 [M]+ (100), 242 [M-H20]+
(4), 231 [M-C2H5]+ (10), 214 [M-H20-C H 2=CH2]+ (32). and 13C NMR data see 
Table 3.1.2.
ReynosinJ116).-t_-Hvdroxv-4(15U l(13)-eudesmadien^l2.6-QUde. C i5H2o0 3, powder. 
EIMS (70 eV) m/z (rel. int.): 248 [M]+ (3.6), 230 [M-H2Q]+ (100), 215 [M-Me]+ (14.7),
161
163 (76.4), 91 (40.1). NMR (CDCI3 ): S 0.81 (s, 3H, H-14 Me), 2.18 (d, 1H, 
J=10.8 Hz, H-5), 3.53 (dd, 1H, J=4.6, 11.5 Hz, H-l), 4.03 (dd, 1H. J=10.8 Hz, H-6 ), 
4.86 (br s, 1H, H-15a), 4.99 (br s, 1H, H-15b), 5.41 (d, 1H, J=3.2 Hz, H-13a), 6.08 
(d, 1H, J=3.2 Hz, H-l3b).
Santamarin (117). l-Hvdroxv-3.1 H13)-eude.smadicn-12.6-olide. C 1 5H2 0 O3 , powder. 
EIMS (70 eV) m/z (rel. int.): 248 [M]+ (96.2), 230 [M-H2 0 J+ (14.6), 215 [M-Mc]+
(12.1), 152 (76.8), 91 (55.7). iH NMR (CDCI3 ): 5 0.87 (s, 3H. H-14 Me), 1.84 (d, 
3H, J=1.0 Hz, H-15 Me), 2.03 (d, 1H, J=11.2 Hz, H-5), 3.67 (dd, 1H, J=6 .6 , 9.8 Hz, 
H -l), 3.94 (dd, 1H, J=11.2 Hz, H-6 ), 5.34 (m, 1H, H-3), 5.40 (d, 1H, J=3.1 Hz, H- 
13a), 6.07 (d, 1H, J=3.1 Hz, H-I3b).
Reduction of (114). To a mixture of 113 and 114 (30 mg) in 6  ml dry MeOH NaBH4  
(6 . 6  mg) were added. The solution was allowed to react for 1 hr at 0°, then quenched with 
5% HC1. The solvent was removed, and then 20 ml H2 O was added. The solution was 
extracted with CH2 CI2  and dried over MgS0 4 . Removal of solvent under reduced 
pressure yielded crude 8 -acetyl-1 lp,13-dihydrolactucin 113. Further purification was 
carried out by HPLC.
12c  NMR spectroscopy. For precise calculation of incorporation yields, inverse gated 
13C NMR experiments were performed in order to exclude nuclear Ovcrhauser effects 
[3.28]. Integration of l3C satellite peaks served as an alternate method for calculation of 
incorporation yields. The distribution of the label was ascertained by comparing the 13c 
NMR spectra of the labeled and natural abundance spectra recorded under identical 
conditions. Relative 13C enrichments were expressed as the ratio of the intensity of each 
peak in the labeled compound divided by the intensity of the same peak in the natural 
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Figure 3.1.5 400 M Hz1H NMR spectrum of 8 -deoxylac tucin (115)
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Figure 3.1.6 Inverse Gated 13C NMR spectrum of 8 -deoxylactucin (115)
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Figure 3.1.7 Broad Band 13C NMR spectrum of acetate-[l,2-I3C2]-enriched 8 -deoxylaclucin (115)
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3 .2  Attempted biosynthetic studies of root constituents of Helenium
amarum  using 13C-labeled acetate
Introduction
The genus Helenium belongs to the tribe Heliantheae, one of the largest and most 
morphologically diverse tribes of the family Asteraceae (Compositae) [3.29]. Several 
species of this genus have shown to possess analgesic, cytotoxic, and antitumor (esp. 
leukemia) activities [3.30-3.33], and have been studied chemically. Helenium  has a 
remarkable ability to produce sesquiterpene lactones in leaves [3.34-3.39], acetylenes 
[3.40-3.41] and thymol derivatives in roots [3.42]. Helenium amarum, commonly 
known as bittenveed or sneezevveed, is a widely distributed plant in the southern and 
eastern parts of the United States. The plant is known for its toxicity to livestock and for 
causing bitterness in milk due to the presence of sesquiterpene lactones, mainly tenulin 
[3.43]. It has been observed that extracts of H. amarum have shown various bioactivities 
including cytotoxic properties and antitumor activities. Phytochemical investigation of 
the aerial parts of H. amarum  mainly resulted in the isolation of a number of 
sesquiterpene lactones [3.30, 3.33-3.34, 3.44-3.45]. The roots of H. amarum had been 
previously found to produce some characteristic acetylenic compounds [3.40].
In continuation of the biosynthetic studies using hairy root cultures, we attempted a 
study of the biosynthesis of polyacetylenic compounds. However, a chemical 
investigation of the hairy roots showed that its chemistry differs from that of wild plants. 
Hairy root cultures of H. amarum afforded two thymol derivatives, 8,10-dihydroxy-9- 
isobutyryloxy-thymol (118) and 1 0 -hydroxy-8 ,9 -epoxythymol isobutyrale (119) 
(Figure 3.2.1). The structures of thymol derivatives 118 and 119 were elucidated on 
the basis of !H, 13C, DEPT, C-H correlation (HETCOR), especially inverse COLOC, 








Figure 3.2.1 Thymol derivatives isolated from 
the hairy root cultures of Helenium amarum
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Results and discussion
And 13C NMR Assignments of Thvmol Derivative 11181
The NMR spectrum of thymol (118) suggested the presence of an aromatic ring 
with proton absorptions in the region of 8  6.65-6.92 and phenolic hydroxyl proton at 8  
8.85 as well as aliphatic hydroxyl proton at 8  4.36 other than polyacetylene. The IR 
absorption at 3344 cm-1  and 1736 cm ' 1 indicated the presence of hydroxyl and ester 
groups in the molecule. DEPT experiments indicated the presence of four methine 
including three olefinic carbons, two methylene, three methyl group including one 
attached to aromatic ring and five quaternary carbons. The FABMS exhibited a weak 
peak at m/z 269 (M+l), and two strong peaks at m/z 251 (M-H2 O+I) and 163 (M-H2 O- 
Me2 CHCOOH+l) consistent with empirical formula C 14H20O5 , which was in agreement 
with 1H, 13C NMR and DEPT experiments. Inspection of the 2D COSY spectrum 
revealed that the aromatic ring is 1,2,4-trisubstiiuted including one aromatic methyl group 
and two methylene groups which only show geminal coupling. Furthermore, it was 
observed that two methyls of an isopropyl group are split, suggesting the presence of 
chiral center in the molecule. The full connectivity was established by the application of 
inverse long range ^CMHconelation (COLOC), generally optimized for three-bond 1H- 
13C coupling. For example, in the COLOC spectrum the phenolic proton at 5 8.85 
exhibited two 3/  couplings with carbons at 8  156.62 and 8  118.66, further 2 / and 3J  
correlations between the aromatic proton singlet at 8  6.61 and 8  156.62, 120.53, 119.39 
and 20.95 (Ar-Me) were observed in inverse COLOC spectrum. Following this route, 
the three substituents could be located unambiguously. Complete assingments of *H and 
13C of thymol (118) were performed based on the combinations of ID and 2D NMR 
techniques and comparison with the data reported for the related thymol derivative. A 
summary of the results of these experiments is presented in Table 3.2.1.
The thymol derivative (119) was unstable and slowly changed into a mixture of 
118 which has been isolated from this mixture as a pure compound using prep. HPLC,
TABLE 3.2.1 DEPT 135°, DEPT900, t3 CJ H Correlation, Inverse COLOC
NMR Data of thymol 118( CDCI3  as inL standard, 100 MHz)
8 (ppm) mult.
11-3 6.61 s Il-I0h 3.86 dUi0a,10h= H.8)
H-5 6.65 d Us,6= 8 0) 11-12 2.57 qq U l2,13=3-2.
H-6 6.91 d Us, 6= 8.0) J  12,14=35)
4-Me 2.27 s 11-13 1.13 d Ul2.I3=7>
H-9a 4.43 d U9a,9t>=120) H-14 1.11 d U 12,13=7)
H-9b 4.54 dU9a,9b=12.0) 2-OH 8.85 s













C-l 119.39 6.71, 6.66, 6.91, 4.43, 3.86, 4.36
C-2 156.62 6.71, 6.91, 8.85
C-3 118.66 118.66 (+) 118.66 6.71 2.27, 8.85
C-4 140.04 6.91, 2.27
C-5 120.53 120.53 (+) 120.53 6.66 6.71, 2.27
C-6 126.16 126.16 (+) 126.16 6.91
C-l 20.95 20.95 (+) 20.95 2.27 6.71, 6.66
C-8 79.03 6.91, 4.43, 3.86, 4.36
C-9 67.47 67.47 (-) 4.48 3.86, 4.36
C-10 65.86 65.86 (-) 3.82 4.43, 4.36
C-ll 178.32 4.43, 2.57, 1.12, 1.13
C-12 33.95 33.95 (+) 33.95 2.57 1.12, 1.13
C-13 18.83 18.83 (+) 1.13
C-14 18.80 18.80 (+) 1.12 2.57
to
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plus other thymol derivatives, such as thymol derivatives (1 2 0 ), detected by nmr 
spectrum. The possible reactions of 119 leading to 118 and 120 are outlined in Figure 
3.2.2, The structure of thymol derivative (119) was established by direct comparison 
with data reported in the literature for the authentic sample [3.42],
Biosynthetic Studies
Hairy root clones of H. amarum were grown for four weeks in bioreactors and the 
1 3C-labeled acetates were added aseptically one or two weeks after inoculation. 8,10- 
dihydroxy-9-isobutyryloxy-thymol (118) and 10-hydroxy-8 ,9-epoxy thy mol isobutyrate 
(119) were isolated from the dichloromethane extracts of the root cultures.
Inspection of the I3C NMR spectra of unlabeled acetate, acetale-[l-1 3 C] and 
acetate-[2-l 3 C] and acetate-[l,2 - l 3C2 ]-enriched thymol (118) indicated no significant 
incorporation of 13C-labelcd acetates into the thymol derivative (118). AH experiment 
results are summarized in Table 3.2.2. Furthermore, mass spectral data of the 
supposedly 13C-enriched samples revealed no indication of 13C-incorporation either. 
E xperim ental
General. and 13C nmr spectra were recorded at Bruker AC 200 MHz and Braker 
AM 400 MHz spectrometers. IR spectra were obtained on a Pcrkin-Elmcr I760X FT-IR 
spectrometer as a film on KBr plate. Mass spectra were determined on a Hewlett-Packard 
5971A GC-MS and Finnigan-Mat TSQ70 FAB mass spectrometer. Semi-preparative 
HPLC separations were performed on a 10 p. ALLTECH ECONSIL C18 reverse phase 
column (250x10mm, Alltech) coupled to a LDC/Milton Roy CM 4000 multi-solvent 
delivery system and an ISCO UV detector. Analytical HPLC were carried out on a 5 p 
SPHERISORB ODS-2 C18 reverse phase column (250x4.6mm, Alltech) coupled to a 
Hewlett-Packard 1090 HPLC system with diode array detection. Vacuum liquid 
chromatographic (VLC) separations were run on silica gel (MN Kieselgel G) [3.27]. 
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Figure 3.2.2 Possible reactions involved with thymol derivativell9






Wet Weight of 
Hairy Roots 
(grams)
Weight o f 
Crude Extracts 
(grams)




7 none 3 728.4 0,464 118* and 119* none
4 [1-13C] acetate added in 2nd 
and 3rd week with 0.2 g/ml
4 971.0 0.510 118* and 119* none
19 [l-l3C] acetate added in 4th week 
with 0.4 g/ml
4.5 989.0 1.060 118* and 119* none
6 [2~13C] acetate added in 2nd week with 0.4 g/ml
4 870.0 0.456 118* and 119* none
12 [2-13C] acetate added in 2nd week 
with 0.4 g/ml
4 815.0 0.443 118* and 119* 1
13 [1,2-13C2] acetate added in 2nd 
and 3rd week with 0.2 g/ml
5 1200.0 0.974 118* and 119* none
9 [1,2-13C2] acetate added in 2nd week with 0.4 g/ml
3 586.0 0.289 no 118* and 
119* isolated
none
•jl Low incorporation was observed but didn’t match proposed biogenetic pathway.
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Hairy root culture methods. The hair root clones TRs, provided by Dr. M. Hjortso, 
Department of Chemical Engineering in LSU, were established by infection of the 
seedling with Agrobacterium rhizogenes strain TR 105. The hairy roots were transferred 
and subcultured in 50 cm3  of phytohormone-free, modified Murashige and Skoog's 
medium in 125 cm3 Erlenmeyer flasks on a rotary shaker in the dark at 150 rpm at 25° 
every 2 weeks. The modified MS medium, in which the MS vitamins and iron were 
replaced by B5 vitamins and iron, was supplemented with 30 g l*1 sucrose, and pH was 
adjusted to 5.7-5.8 , prior to autoclaving of the medium, with 0.1 N KOH/HC1. 
Incorporation experiments. Hairy roots (10-20 g per bioreactor) from 2-week-old liquid 
cultures were inoculated into a bioreactor at the same conditions described above for 
subcultures. The bioreactor used for culturing the hairy roots was an inverted 10 liter 
polycarbonate carboy (Nalgene) with a fritted glass air sparger placed in the cap opening. 
The top of the reactor was fitted with an air outlet and an inoculation port. The R e ­
labeled sodium acetate solution ([ l- l3C]-, [2-l3 C]- and [ 1,2 - 13C2 ]- sodium acetate) was 
added aseptically to each bioreactor (0.4 g/ 9 1) through a sterilized filter one week after 
inoculation. All experiments were conducted in aseptic conditions. The hairy roots were 
harvested after further 2  weeks, and then rinsed with disdlled water, blotted dry, weighed 
immediately to give the fresh weight.
Extraction and separation of unlabeled and l^C-labeled biotransfomation products. Wet 
root cultures of H. amarum (728.4 g) without labeled acetates were extracted with 
CH2CI2  at room temperature. The crude extract (0.464 g) was applied to vacuum liquid 
chromatography (VLC) using mixtures of hexane and ethyl acetate with increasing 
polarity and yielded twenty-five fractions of 25 ml each. Combined fractions 14-17 gave
9.0 mg of thymol (119) after prep. TLC with 15% EtOAc-CHCb. The residue from 
fractions 20-21 was further separated by HPLC with 30% H2 0 -MeOH and afforded 14.0 
mg of thymol (118).
177
Wet root cultures of H. amarum (971.0 g) fed with [ l - 13C]-acetate were extracted at the 
same conditions described above. After removal of solvent, the crude extract (0.510 g) 
was chromatographed by VLC using mixtures of hexane and ethyl acetate with increasing 
polarity and yielded twenty-six fractions of 25 ml each. Fractions 17 and 18 were 
combined and further purified by HPLC with 30% H2 0 -Me0 H producing 4.3 mg of 
118.
Wet root cultures of H. amarum (815.0 g) fed with [2-13C]-acetate were extracted at the 
same conditions described above. VLC of this crude extract (0.443 g) using mixtures of 
hexane and ethyl acetate with increasing polarity yielded thirty fractions of 25 ml each. 
The residue from fractions 23-24 was combined and further purified by HPLC with 30% 
H2 0 -MeOH and afforded 4.1 mg of 118.
Wet root cultures of H. amarum (1200.0 g) fed with [l,2 -13C]-acetate were extracted at 
the same conditions described above. The 0.619 g of crude extract obtained were 
chromatographed by VLC using mixtures of hexane and ethyl acetate with increasing 
polarity and obtained twenty-two fractions of 25 ml each. Further purification of 
combined fractions 19 and 20 by HPLC with the same elution conditions gave 8 . 6  mg of 
118 .
8.10-dihydroxy-9-isobutyryloxy-thymol ril81. Colorless oil, C 1 4H2 0 O5 . FABMS m/z 
(rel. int.): 269 [M +l]+, 251 [M+1-H2 0 ] +, 163 [M +l-H 2 0 -M e 2 C H -C 0 0 H ]+. IR 
v c m '1: 3344 (OH), 1736 (-CO-O-), 1465 ( aromatic). *H and 13C nmr see Table 
3.2.1.
10-hvdroxv-8.9-epoxvthvmol isobutvrate 11191. Colorless oil, C 14H 1 8O4 . lH NMR 
(CDCI3 ): 6 . 8 6  (s, 1H, H-3), 7.06 (d, 1H. H-5, 8.0 Hz), 7.33 (d, 1H, H-6 , 8.0 Hz),
2.35 (s, 3H, 4-Me), 2.79 (d, 1H, H-9a, 12.0 Hz), 3.20 (d, 1H, H-9b, 12 Hz), 3.84 (d, 
1H, H-lOa, 11.8 Hz), 3.92 (d, 1H, H-lOb, 11.8 Hz), 1.33 (d, 6 H, H-13, H-14, 7 Hz). 
This compound was identical with an authentic sample as determined by NMR methods.
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Figure 3.2.3 400 MHz NMR spectrum of thymol (118)
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Figure 3.2,4 Broad Band 13C NMR spectrum of thymol (138)
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3.3 Prelim inary biosynthetic investigation of Xanthium strum arium  
In troduction
The genus Xanthium, belonging to the tribe Heliantheae (family Asteraceae ), has 
been known to be rich in two major skeletal types of sesquiteipene lactones: guaianolides 
and seco-guaianolides (xanthanolidcs) [3.48-3.50]. Several naturally occuring 
xanthanolides such as xanthanol (121), isoxanthanol (122), xanthumin (123), 
tomentosin (124), 2-hydroxytomentosin (125), anhydrodehydroivalbin (126), 8 -epi- 
xanatin (127), 2-hydroxytomentosin-l(i,5p-epoxide (128) have been isolated from X. 
spinosum, X. strumarium and X, cavanillesii (Figure 3.3.1) [3.48-3.50]. 
Biogenetically, xanthanolides are derived from the germacranolides via a fragmentation 
type rearrangement of guaianolide cation intermediates [3.2]. To our knowledge, no 
biosynthetic studies have been previously carried out on xanthanol ide-type sesquiterpene 
lactones. In continuation of our biosynthetic studies of different skeletal types of 
sesquiterpene lactones, the roots of X. strumarium were examined first. The information 
obtained from mass spectra and *H as well as 13C NMR of the root constituents indicated 
the presence of xanthanolides.
Results and  discussion
Vacuum liquid chromatography (VLC) of the dichloromethanc extracts of roots of 
X. strumarium afforded several fractions. The earlier fractions indicated the presence of 
sesquiterpene lactones as evidenced by two doublets characteristic of exocyclic methylene 
protons of an a,[5-unsaturated y-lactone in !H NMR spectrum. Further separation of 
interesting fractions by normal phase HPLC resulted in the isolation of two lactones, 129 
and 130. At least other two compounds were lost in the separation process using normal 
phase prep. HPLC.
Compounds 129 is less polar than 130, isolated as a colorless oil. The 13C NMR 
spectrum showed the presence of 15 carbons, four methine (including one olcfinic), five 
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Figure 3.3.1 Xanthanolides isolated from Xanthium
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(including one carbonyl and two olefinic), which were assigned by DEPT and 
correlation spectra. Mass spectrum gave a prominent peak at tn/z 232. However, this 
peak could be a fragment after the loss of water, which is noticeable in its mass spectrum. 
Therefore, the molecular ion could be 250 consistent with an empirical formula 
C 1 5H2 2 O3 . Several distinguished peaks at 232 [M-H2 0 ]+, 217 [M-H2 0 -Me]+ and 190 
[M-H2 0 -CH3 CH=CH2 ]+ provided evidence for above argument. Further studies of 2D 
iH^H-Cosy and ^C -^H  correlation indicated that 129 has structural features of the 
xanthanolide skeleton but with uncertainties of its side chain. Additional information was 
obtained by the mass spectrum of the absorption at m/z 190 [M-H20-42]+ which could 
derive from a MaLafferty rearrangement by the loss of CH3 CH=CH2  [m/z 42] from [M- 
H2 0 ]+, suggesting the presence of propany! moiety in the side chain. The establishment 
of full structure of 129 require further evidences of 2D NMR experiments and possible 
FABMS spectrum. The fragmentation patterns of compound 130 in mass spectrum 
revealed its structural similartiy with 129. Further spectroscopic analyses arc necessary 
to establish the structures of 129 and 130.
Experimental
General. *H and nmr spectra were recorded at Bruker AM 400 MHz spectrometers. 
Mass spectra were determined on a Hewlett-Packard 5971A GC-MS spectrometer. Semi- 
preparative HPLC separations were performed on a 10 p ALLTECH ECONSIL normal 
phase (250x10mm) coupled to a LDC/Milton Roy CM 4000 multi-solvent delivery 
system and an ISCO UV detector. Analytical HPLC were carried out on a 5 p  normal 
phase column (250x4.6mm, ALLTECH) coupled to a Hewlett-Packard 1090 HPLC 
system with diode array detection. Vacuum liquid chromatographic (VLC) [3.27] 
separations were run on silica gel (MN Kicsclgcl G). TLC were run on prccoated MN 
Sil-G 25 U V254 plates (thickness 0.25mm).
Plant materials. Xanthium strumarium L., the common cocklebur, was collected on 
December 30, 1993 along Starring Lane in East Baton Rouge Parish, Louisiana. The
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voucher specimen (N. H, Fischer No. 494) is deposited at the Louisiana State University 
Herbarium.
Extraction and isolation. The air-dried roots (95 g) were ground and extracted with 
CH2 Cl2  at room temperature for 24 hrs, providing 2.54 g of crude extracts. This extract 
was separated by Vacuum Liquid Chromatography ( VLC ) on silica-gel using n-hexane- 
EtOAc mixtures of increasing polarity, and 29 fractions of 25 ml each being collected. 
556 mg of fractions 11-15, which contained sesquiterpene lactones, were further 
separated by prep. TLC with 35% CH2 CI2 - n-hexane (x 2), affording one subfraction. 
Careful analysis by analytical HPLC with normal phase column indicated the presence of 
at least four components two major and two minor in this subfraction. After purification 
of prep. HPLC with 12.5% ethyl ether - n-hexane, two pure compounds were collected, 
17.0 mg of 129 and 10.7 mg of 130.
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The isolation and structural elucidation of secondary metabolites from four native 
members of the genus Magnolia  o f the family Magnoliaceae provided lignans and 
sesquiterpene lactones. The aerial parts o f the rare Louisiana native Magnolia, pyramid 
magnolia (Magnolia pyramidata), afforded eight new neolignans, pyramidatin A to H 
with a novel skeleton. The investigation of the leaves of Magnolia virginiana provided 
two known germacranolides, parthenolide and costunolide, and two new sesquiterpene 
lactone derivatives, costunolactol and costunolactol dimer. The annual phytochemical 
study of the leaves of a single native plant of M. virginiana illustrated that native M. 
virginiana only produces sesquiterpene lactones but transferred M. virginiana, possibly a 
northern variety, produces only lignans. The leaves of M. soulangiana gave two known 
substituted tetrahydrofuran-type lignans, galgravin and veraguensin, and two known 
spirocyclohexadienone neolignans, futoenone and denudatone, plus one known 
hydrobenzofuran-type neolignan, denudatin A. The leaves of M. acuminata provided five 
burchellin-type hydrobenzofuran-type neolignans, one new neolignan, acuminatin B. 
Detailed structural elucidations of all known and new compounds were performed by 
application of spectroscopic methods including mass spectral analysis, modem ID and 
2D NMR techniques, single crystal X-ray diffraction and circular dichroism.
The biosynthetic studies of the guaianolide type sesquiterpene lactone lactucin and 
its derivatives from transformed root cultures (popularly known as hairy root cultures) of 
Lactuca floridana by the application o f high field NMR techniques using 1 3C-labeled 
precursors of acetate and mevalonate demonstrated that hairy root culture biotechnology 
provides a suitable method for studying the biosynthetic pathways of different skeletal 
types of sesquiterpene lactones. The transformed root cultures of L. floridana established 
by the stable integration of root-inducing (Ri) plasmid of the soil bacterium 
Agrobacterium rhizogenes into the plant genome represent differentiated cells and provide 
a convenient tissue source for the production of root-derived secondary metabolites at 
high and stable production level. Both natural roots and transformed roots of L. floridana
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produced 8-acetyI-I10,13-dihydroIactucin, 8 -acetyllactucin and 8 -deoxyIactucin. [I- 
1 3C]-Acetate-enriched 8 -acetyl-1 lp,13-dihydrolactucin exhibited enhanced signals for 
carbons 2, 4, 6 , 8 , 10, 11 and 16 while [2-1 3 C]-acetate-enriched sample showed 
enhancements of carbon signals 1, 3, 5, 7, 9, 12, 13, 14, 15 and 17. 8-Acetyl-11(3,13- 
dihydrolactucin enriched with doubly labeled acetate exhibited the characteristic triplets 
due to 1 3 C-13C spin-spin coupling from incorporations of intact acetate units, and these 
derived couplings between C-l/C-2, C-4/C-15, C-5/C-6, C-7/C-8, C-10/C-14, C -ll/C - 
13 as well as C-16/C-17 indicated that these carbon pairs were incorporated from intact 
acetate units. Furthermore, the utilization o f [2-1 3 C]-mevalonic acid into 8 -acetyl- 
1 ip,13-dihydrolactucin resulted in the incorporations at the sites of C-3, C-9 and C-12. 
In summary, all l3C incorporation data obtained in these experiments confirmed the 
previously proposed biogenesis for guaianolide-type sesquiterpene lactones via the 
acetate-mevalonate-germacradiene pathway. The evidence obtained also suggested the 
extension o f the sesquiterpene lactone chain is highly specific and enzymatically 
controlled. In addition, a biosynthetic study of root constituents of Helenium amarum 
using the same hairy root biotechnology was attempted. However, no significant 13C 
incorporations were observed, precluding further biosynthetic studies.
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